JUNE, 1950 


Why 30 Footcandles Minimum for Schoolrooms? 
Thermionic Emission in Incandescent Lamps 


Committee Report—Lighting for Bakeries 
Cold Cathode Operating Characteristics 
1.E.S. Lighting Data Sheets 
Lighting for Night Driving 
Lighting for the Piano 


THE JOURNAL OF THE ILLUMINATING ENGINEERING SOCIETY 


| 
te 


This is 
Brightness Balance 


When the luminaire is too 
bright vou get harsh con- 
trasts in brightness between 
the luminaire and its back- 
ground. To control these 
contrasts and achieve ade- 
quate brightness balance, 
the selection of proper light- 


ing equipment is vital, 


which ia the key to the 
Co-ordinated Classroom 


This is Brightness Balance 


The Wakefield STAR is a luminous indirect fluorescent luminaire that 
provides a “smooth” distribution of light on horizontal, vertical and 
other plane surfaces well inside contrast tolerances of the eves—but 
with adequate modeling shadows for three-dimensional seeing. It has 
a translucent plastic reflector which distributes the light in such a way 
that the ceiling and the luminaire have approximately the same bright- 
ness. Thus the brightness ratio of luminaire to ceiling is -virtually 
unity. This is the special characteristic of the STAR which has resulted 
in its being consistently installed in Co-ordinated Classrooms as de- 


veloped by Darell B. Harmon. 
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you can SURE.. is 


Westinghouse 


Appearance isn't everything. [he price 

tag isn’t the whole story. Lighting is a science. 
It takes the right equipment, certainly. It 

also takes expert planning in the applica- 

tion of this equipment to give you the BEST 

BUY IN LIGHTING. You know that, of e 

course, but how many others do? Westinghouse 
Good lighting, combined with practical 


economics, takes the services of a qualified Pp L A N N E D 


lighting engineer. 
Whether you plan lighting, buy lighting LIGHTIN G 


or install lighting, ask for the services of a 
Westinghouse lighting engineer. J-04283 PA Y S 
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GEORGE'S MARKET, Watertown, Conn. 


Light 


Wotet 


Engineer. fave 


ard Powe 
Contractor, Wolter Greasor 
Oars te 
trot Ne 4124 
mounted 


Light Equioment Lite 
2 tome louvered Heture 
fener 


40 watt, white, 


Watts oe Meture 
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Average 


HOUSING 
Lamps Length width 
2 40w 49 2 
440wW av 16 


Height 
5% 


I7 hour rage 


proves how easy it is to install 
LITECONTROL units 


IN ONLY TWO DAYS... 16 hours in all . . . three men installed al! eighty 
fixtures in this Connecticut supermarket 

It's not surprising though, for Litecontrol fixtures are designed for 
faster installation as well as tor better lighting results. Their extra sturdiness 
eliminates sag ... makes the contractor's job easier and ensures longer 
service for the owner. Smart design features speed assembly . . . speed 
cleaning and relamping. 

Litecontrol engineers are experts in planning betrer fixtures. Experts, too, 
in planning installations that display products to best advantage to boost 
both sales and profits. Why not write today for che Litecontrol catalog 

for help in planning your lighting layouts? 


The LITECONTROL No. 4124 fixture... 


“a sha low unit well suited tor stores othces etc T hough 
the smart, graceful lines that 
Sturdily con- 


moderately has 
ensure good-looking lighting installations 
it is electrostatically sprayed with white enamel 
to give a high reflection factor, Mount it on the ceiling 


ofr on pendants or in continuous runs. 
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ONLY module PERFORMS 


PAT OFFIC 


THIS MIRACLE LOW COST 
CUSTOM-FITTING LIGHTING 


These 4 MODULES are the “BUILDING BLOCKS” of LIGHT 


475.Wen 
425 
lomps 


414 Wow ll? 32 Wer 440 Wen 
15” Tepe lamps lome baa Soot 46° Tepe lomps 
o Feed 


They fit together like THIS — for lighting magic like THIS 


50,000 different patterns possible-20% more light 


It's amazing’ With just 4 simple, low cost “building 
blocks of light MITCHELL MODULE offers unlimited Only MITCHELL makes MODULE 
custom-fitting lighting patterns to fit any commercial 


There's nothing im lighting like MODULE It custom-fits and 


interior. MODULE 'S exclusive plastic louver passes 20 “grows” with every lighting need; it delivers more light; it 

MORE LIGHT. Simple fitting together of units (mechani stays beautiful, new, it costs no more than ordinary fixtures. If 

cally and electrically) permits low cost rearrangement you heven’t olf the MODULE facts, write todey 

of patterns at any time to suit changing needs ° 


MODULE mixes all light sources smoothly in one har 


monious, handsome system—puts the hght exactly 

where it's needed. No ordinary fixtures can match MITCHELL MANUFACTURING COMPANY - 
MODULE — the on/y lighting that « fits with stand 2525 WN. Clybourn Avenue + Chicago 14, Iilinois 
ard low-cost units in Canada: Mitchell Mfg. Co., Lid, 11-25 Davies Ave., Toronto 


YOU SELL module INSTALLATIONS WHEN YOU TELL THIS SELLING STORY 
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Starting and Operating Characteristics 
of Cold Cathode Fluorescent Lamps 


HE STARTING of a cold cathode lamp in a 
direct-current cireuit occurs in at least two 


easily recognizable stages 


1. The initiation of a glow discharge. 
2. The development of the glow 
are 
The transition from a glow discharge to an are 


occurs almost instantaneously under favorable 


conditions. When voltage and temperature con- 
ditions are such as to make the starting of the 
lamp difficult the development of the are may re 
quire a period ranging from a few seconds to 15 
minutes or more. The better the facilities for 
conservation of the heat generated in the lamp 
and the smaller the thermal mass to be heated, 
the shorter is the period of transition from glow to 
are discharge. On the other hand, under extremely 
unfavorable conditions the discharge may never 
develop into a stable arc 

The volt-ampere curves of 72-inch TS lamps in 
Fig. 1 illustrate the change of characteristic which 
accompanies a rise of lamp bulb temperature. The 
principal electrical effect of increase of bulb tem- 
perature is the reduction of the voltage peak inter 
vening between the glow and the are phases of the 
characteristic curve. It is indicated by the curves 
and corroborated by experience that the discharge 
eannot develop into an are unless the ballast load 
line drawn through a point on the voltage axis cor 
responding to the supply voltage intersects the 
lamp characteristic curve at a point bevond the 
voltage peak 

A discharge in the lamp is usually initiated by a 
transient voltage supplied by a starter, one form of 
which is illustrated in the schematic cireuit dia 
gram of Fig. 2. When the line switch closes, the 
flow of charging current into the condenser induces 
a transient voltage in the secondary coil of the 


transformer which starts the lamp. For the pur 
pose of measuring the starting requirements of 


lamps in the laboratory, use was made of a simpler 
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Characteristics of Cold Cathode Fluorescent Lamps 


By S. M. GRAY 


The application of 72-inch T8 cold cathode 
fluorescent lamps to the lighting of rapid tran- 
sit cars operated with power from 625-volt 
direct-current circuits was described in an 
earlier paper.* In connection with this applica 
tion, an exhaustive study was made of the start- 
ing and operating characteristics of these lamps 
both in the normal room temperature range, 
and at low temperatures down to 20°F. In the 
following paragraphs and charts, a few of the 
highlights of this investigation are set forth 
because it is believed that such information 
should be useful to anyone contemplating the 
use of this type of lighting equipment. 


starting device consisting of a condenser which 
could be charged to a measured potential, then dis- 
connected from the auxiliary charging cireuit and 
rapidly connected across the lamp, the latter being 
continuously connected in series with a suitable 
ballast resistor in a cirenit supplied by a d-e gen- 
erator. The peak voltage of the starting transient 
could thus be varied by control of the condenser 
charging voltage and the duration of the transient 
could be varied by exchanging the condenser for 
one of larger or smaller capacitance 
Three variations of this experimental circuit 
were used 
matched to lamp polarity and a 
ctifier interposed between ballast 


prevent the dissipation of the 


ballast resistor and the generator 


vy matched to lamp polarity with no 


pposed to lamp polarity 


Starting requirements of 72-inch TS cold cathode 
fluorescent lamps in a 625-volt d-e circuit at room 
ten perature “as determined by use of these experi 
mental starting circuits are recorded in Fig. 3 


These results may be described briefly as follows: 

As the duration of the starting transient is increased 

im condenser tage required to start the lamp 

constant-energy line and then 
tage line 

The insertion of rectifier in the supply cireuit to pre 

transient energy in the ballast 


vent the dissipatio 
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A paper presented at the National Technical Conference of the Iu 4 
minating Engineering Society held September 202 1949, Free - 
Lick, Indiana. Author: Sylvania Electric Products Ir Salem ‘ 
M 
i 
Fluorescent Lamps for High Voltage Direct Current Operatior 
by C. I. Brady. Jr. R. G. Slauver and R. R. Wylie, 
Vol. XLII, p. 5 January, 1948 
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Figure 3 


resistor and the d-e generator reduces the minimum con 
denser energy required to start the lamp by a large factor. 
The minimum condenser voltage required to start the lamp 
is hot altered significantly by the insertion of the rectifier 
3. The reversal of the polarity of the condenser with 
respect to that of the lamp reduces the minimum con 
fenser voltage required to start the lamp by a large fac 
tor. The minimum condenser energy required with oppo 
site polarities is, however, approximately the same as that 
found for the condition of matched polarities with no 


rectifier 


The most remarkable feature of these results is 
the relatively low transient voltages required to 
start a lamp when the lamp and condenser have 
opposite polarities. Examination of these transients 
with a cathode-ray oscilloscope has shown that they 
consist of an abrupt reversal of the lamp voltage, 
followed by a gradual decrease of the reversed lamp 
voltage to zero and a gradual rise in the direction 
of the original polarity. The rising phase of the 
transient appears to follow an exponential curve 
consistent with the mathematical analysis of the 
eireuit. Why a transient which reverses the polarity 
of the lamp should require less voltage to start the 
lamp than a unidirectional transient is not clearly 
understood. However, this phenomenon is believed 
to be the reason for the unusual effectiveness of the 
type of starter illustrated in’ Fig. 2 which custo 
marily starts the lamp with a single transient, by 
way of contrast with the more common glow-switch 
starter which ordinarily executes a multiplicity of 
unidirectional transients in starting a lamp. Fur 
ther investivation of these starting transients is in 
progress Assuming a starting transient of ade 
quate voltage and energy, there is vet another re 
quirement for starting of the lamp, an adequate 
supply voltage. The sivnificance of this require 
ment ts readily appreciated by reference to the rela 
tion between the ballast load line and the volt 
ampere characteristic of the lamp in Fig. l(a 
The minimum supply voltage that will insure the 
development of a stable are in a lamp following the 
initiation of a glow discharge varies with the gas 
pressure in the lamp and with the ambient tem 
perature as shown in Fig. 4. At low temperatures 
the relation between minimum supply voltage and 
vas pressure is not linear but takes an abrupt step 
upward between 3 and 5 mm. The reason for this 
odd behavior at low temperatures is not clearly 
understood but is probably associated with the al 
most complete absence of mereurs Vapor at these 


temperatures 


Operation 

After the lamp is started, a definite period of 
time is required for the attainment of equilibrium 
with the ambient temperature The lower the 
ambient temperature and the supply voltage the 
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RELATION OF STARTING VOLTAGE TO longer is the stabilizing interval. The relation be- 


AMBIENT TEMPERATURE AND 
GAS PRESSURE 


tween warm-up time and ambient temperature for 
one value of supply voltage is shown by the curves 
of Fig 5 

The relative equilibrium characteristics of 72 
>~ inch TS cold cathode lamps over a range of ambient 


™ temperatures and supply voltages are shown in 
Fig. 6 


—— Fa. It is observed that with supply voltages within 


SS no decrease of lamp current as the temperature 
_——_} declines. In fact, the current tends to increase 
slightly with declining temperature in the neigh 
borhood of 20 to 30°F. Despite the stability of the 
lamp current the light output falls off rapidly at 


SS the normal operating range there is substantially 


MINIMUM SUPPLY VOLTAGE TO START LAMP 


temperatures below 50°F, due to attenuation of the 


mereury Vapor pressure within the lamp 


DISCUSSION 


F. W. Revorer*: We wish to compliment Mr, Gray for 
his excellent presentation of the starting and operating 
characteristics of cold eathode lamps on 625-volt d-e 


eireuits, We were not aware of the easier starting of the 


lamps if the polarity of the starting condenser were 
reversed to that of the lamp, and beheve this particular 


point should be of general interest to the fluorescent 


lamp industry. Otherwise, our data corroborate those he 


has shown 
Mr. Gray does not recommend any specific filling-gas 


pressure to be used in 72T-8 lamps for d-e operation 


His data indicate some low pressure, 3 mm or lower, is 


needed for reliable starting of these lamps at low tem 


peratures, particularly with low voltage conditions, It 
has been pointed out that a low filling gas pressure is a 


serious handicap to life and voltage and lumen mainte 


nance of these lamps. What, then, is the commercial 


compromise tor pressure ? 

Were the lamps used for these data new lamps? Some 
of our tests indicate there is a gradual increase in the 
starting voltage of d-c lamps with life, particularly, if 
the operating voltage of the lamp increases due to the 


gradual lessening in activity of the cathode 


The polarity of lamps operated on d-e must be re 
versed periodically to prevent the mercury from migrat- 
ing completely to one end of the lamp. It is our experi 


ence the lamps require an appreciably higher starting 


D a voltage immediately following this polarity reversal, 


— >= We wish to add that 72T-8 lamps with hot cathodes 
start easier on 625-volt d-c cireuits at cold temperatures 
and with low voltage conditions than do the correspond 
ing 72T-S eold cathode lamps. Also, starting aids, such 
as metal stripes and other conducting materials com- 
monly used on or near the bulbs of fluorescent lamps 


used on a-e cireuits, do not help starting on d-c, 


E. H. Rappix**: Valuable information has been pre- 


sented on the performance of 72” cold cathode lamps 
(ieneral Electric Co, Nela Park, Cleweland, Obi« 


‘Champion Lamp Works, Lynn, Mare 
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operated on direct current under favorable and unfavor I am assuming that experience shows that low voltage 
able voltage and temperature conditions and low temperature sometimes occur together on elee- 

The unfavorable conditions for starting the lan ps and trie trams where these lan ps are used, and cause the 
lumen output are either low line voltage or low tempera lemps to be inoperative. If this is so, is any change made 
ture and the most unfavorable condition is a combination n the lamp design, such as lowering the argon pressure, 
of both These conditions are unfavorable to all fluo to overcome the effect of the combination of unfavorable 
reseent lamps starting conditions 

Starting appears to be the biggest problem and the I would not think that the loss of lumens at the lower 
data show that the 72-inch lamp with an argon pressure temperature would be very serious because at the time 
of approximately 4.5 mm, which is commonly used, will the light is used for passengers it may be assumed that 
not start at 35°F if the line voltage falls below approx: the temperatures in the trains are fairly comfortable ane, 
mately 575 volts therefore, favorable to full light output 


Manlie Jewelry Company—Planned Lighting Winner 


Relighting this jewelry store won for Paul Morris, architectural designer of Hammond, Indiana, one of the top awards 
in the Planned Lighting Competition sponsored by General Electric. Color has been effectively combined with the 
lighting plan to achieve the winning results. The 13-foot drop ceiling in one section of the 100-foot 9-inch room is a 
dark bine of approximately 15° reflection factor. In this section, one wall is a light blue, and one a light grey, both 
of about 50% reflectance. In the other sections, one wall is mirrored to the ceiling, one is light grey; the east walls are 
light walnut wood panel. In the drop ceiling, two rows of 18 mm 3500K white neon tubing is used in coves, with 60 
ma transformers. Twenty-six counter lights with 10° beam offset (without lens) use 150-watt PARS3S incandescent 
spots. The illumination on the top of the floor cases varies from 110 to 160 ft-c. Direct show case type luminaires 
highlight the sparkle of the merchandise in wall cases. These employ fluorescent lamps in various sizes, all of 3500K. 
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Lighting a Glass Window—Wall and Terrace 


LIGHTING OBJECTIVE: To provide pleasing general room illumination as a background for informa: living with 
adequate light in some areas for occasional reading and to create a garden “picture” of the terrace. 


A.LA. Pile No. 31/12 


Installation at Orange, New Jersey 


General Information: This room, named by its architectural 
O e O designers as The Great Room, is a large interior used primarily 
. 


for informal dining, cards, reading, television, dancing, and 


music. The house and this room were olanned around a huge, 
spreading beech tree and a terrace. To provide an unobstructed 
Window Wall Bor Containing Five 60-watt view of the tree and the terrace in its sunny daytime beauty 

Filament Lamps Above Lenses and in its lighted night-time charm, one entire wall of The Great 
Room is constructed of windows and sliding glass doors, At 


those times when greater privacy is desired, curtains can be drawn across the upper and !ower glass sections, 


The room is 19 feet by 25 feet with a pitched beamed ceiling that graduates from 8 feet to 1244 feet in 
height, with the beams 3 feet apart. The freplace wall is of earthy-pink stone; the other wall arees are a rose 
beige, the ceiling is peach-beige, the curtains and rug are beige, and the floor is reddish brown 


Installation: Two large-scale modern-style 100-200-300-watt table lamps with diffusing bowls provide local light 
ing for reading at the furniture groupings opposite the terrace wall To ereate a balanced lighting effeet on the 


ON ena 


terrace window-wall and to reproduce substantially the daylight “feeling” of luminous curtains, strips of lighting and 
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ection of Window wall Lighting Outdoor Floodlight Installation 


eurtain fabrie combine to reflect a pleasant glow into the room. Seven boxes 33 inches long are mounted on the 


ceiling between the beams and painted the same color as the ceiling Each box contains five 60-watt inside frosted 


meandescent filament lan ps above 61,” “juare concentrating lenses \ hinged bronze louver sereen is attached 


it ness The downlights and the window-wall lighting are controlled by a dim 


beneath each box to reduce lens bry 


mer, allowing flexaility in lighting lewels to best serve the varied informal activities in this room. When the out 


deor garden scene becomes the center of interest the wall lighting ean be reduced by use of the dimmer to a mini 


il glow 


» vieinity of the window-wall (18 inches 


Footeandle readings on the table top averaged 8; in the iummediat 


from wall on a 30-inch plane) the footeandles averaged approximately 20. The range of brightness readings on 


the curtains was as follows 


Top Curtain Bottom Curtawm 
Shadows in Folds 05 FtL O4 Ft-L 
Flat Front Surfaces 5.0 Ft-L 25 Pt-L 


In the evening with a low level of lighting im the room for danemg or music, light aecents the charm and 


grace of the beech tree. Two 100-watt A-H4 mereury vapor floodlights recessed in the ground as shown in Fig. 4 


project light upward through the spreading limbs. Five 150-watt projector spot lamps are installed high in the 


tree and directed to laminate the terrace for outdoor living. The terrace is paved with a vellow seashore gravel 


‘tion of light at night 


set in cement. Its high color value and texture provide a soft r 


Equipment: Special louvered ler ghting bexes for the window wall illumination and the mereury vapor units for 
lighting the tree are from Klieg! Brothers, 321 West 50th St... New York City Architect Emil Sehmidlin, East 
Orange, New Jersey Architectural Designer: 1} « Leigh, East Orange New Jersey Ligating Designer Richard 
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Why 30 Footcandles 


HERE ARE several approaches to the prob 
lem of determining the illumination for school 
tasks or any visual task. Most of these are 
concerned with visual results without regard for 
visual effort or other demand on the energy re- 
All current approaches can 
be divided into two main categories 1 efficacy 
and (2) efficiency. ** Efficacy’’ has to do with the 
ability of the eye to see or perform better with in 


sources of the worker 


creased illumination; ‘‘efficiency’’ is concerned 
with the energy input to produce the visual output 


or performance 


Efficacy 


1. Ability of Eyes to See: 

Characteristics of the Task 

One approach is to analyze the task in terms of 
its characteristics and to test the ability of the eve 
to see in terms of the same characteristics, Le., size, 
contrast, time necessary for seeing and the bright 
ness of the task. It has been found that the ability 
of the eye to see these characteristics increases with 
the brightness of the task. The brightness of the 
task depends upon the illumination falling upon it 
The darker the material the more illumination is 
needed to give it brightness 

Increasing the illumination or brightness in 
creases the ability to distinguish fine detail. In 
ereasing the illumination or brightness of the task 
increases the ability to see smaller degrees of con 
trast. Increasing the illumination or brightness 
increases the ability of the eve to see the task more 
quickly. These effects are shown in Figs. 1, 2, and 3 

Any given task having a particular size, contrast 
and time factor may be found from such curves to 
demand only a portion of the illumination being 
recommended since the curves represent threshold 
conditions where the eve can just barely detect the 
detail. To inerease the illumination beyond the 
threshold conditions represents both a safety factor 
and an easier visual task 

The visual acuity-illumination relationship has 
long been used as one index of the ability of the eve 


ENGINEERING, Vol. XLIII. p 795 September 
104" Ma. Caorven is Technical Director of the Iuminating Engi 
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Why 30 Footcandles Minimum for Schoolrooms? 


Minimum 


for Schoolrooms ? 


By C. L. CROUCH 


A discussion and supporting material for the 
illumination recommendations in Table II of 
the American Standard Practice for Schoo! 


Lighting* 


to see under increasing levels of illumination. Fig. 1 
represents an extensive study' by R. J. Lythgoe, 
M.D., D.Se. under the auspices of the British Medi- 
cal Research Council. From his curves it is found 
that with properly illuminated environment, im- 
provement in the ability to see detail continues to 
increase at levels above 1000 footeandles on test 
objects. Similar results were obtained from the 
work of four investigators on contrast whose com- 
posite curve® is illustrated in Fig, 2 

Work of Ferree and Rand,* under the auspices of 
the National Research Council, showed continuing 
decreases in time required for seeing at a level of 
100 footeandles 

All of these curves showing increasing ability, 
even though at a diminishing rate, up to hundreds 
of footcandles, bring about a condition where the 
selection of the scale of values for the tasks at hand 
must be made on the basis of the economic situa- 


tion and current usage 


2. Speed of Performance 


Some investigators like to use a variation in ap- 
proach to the problem of recommending levels of 
illumination and would develop the eriterion of 
speed of performing a visual task with increases 
of illumination. This is laying particular emphasis 
on one of the variables as described above, viz., the 
time necessary for seeing. This represents a vari- 
able closely allied to economies since it largely de- 
termines the cost of production or accomplishment 
of tasks. Work on the time factor as a theoretical 
consideration has been done by Cobb,* and Ferree 
and Rand.* Study of the function of work perform. 
ance has been done by Tinker,® psychologist, Uni- 
versity of Minnesota and by Weston,® Industrial 
Health Research Board of the Medical Research 
Couneil ( London 

Tinker has studied the effect of illumination 
largely upon the speed in performance of reading 
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Increasing visual acuity due to increasing foot- 


Pig. 1 

lamberts brightness of the task. Top curve is with equal 

brightness of surrounds for the broken line curve. Bottom 

curves are for low brightness of surrounds or for no 
brightness as indicated 


tasks. He has found that for 10-point type on good 
paper there is little to be gained beyond three or 
four footcandles illumination. For reading news 
paper print, 7-point on newspaper stock, there re- 
sulted little significant gain beyond seven foot 
eandles. However, he has urged a safety factor to 
be applied to such tasks and is now recommending 
10 to 15 footeandles for good size print (10- to 11 
point type) on quality paper and 15 to 20 for the 
reading of newsprint. For handwriting he recom 
mends 20 to 30 footeandles and for more severe 
tasks 40 to 50 footcandles 

The British group, under the leadership of Wes 
ton" at the National Physical Laboratory, have 
studied over a period of the last fifteen years the 
effect of size and contrast under controlled condi 
tions of illumination on the performance of a simu 
lated task which might represent reading, writing 
or any practical two-dimensional task involving size 
and contrast. They have pointed out that in many 


tasks there is a certain amount of mechanical action 
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10 Footcandles Minimum for 


Why 


Schoolrooms? 


time which reduces the apparent effectiveness of 
the illumination—visual discrimination relationship, 
and in order to assess the visual performance alone, 
they subtracted the mechanical action time from the 
total time of performance. As a result of their ex- 
tensive work, they have been able to set up formulae 
covering the illumination required for various per- 
centages of maximum performance in terms of the 
size and contrast of the task involved 


Comparison of Tinker and Weston Data 
Since Tinker has specified the type sizes and 
quality of paper he used, it is possible to compare 


SPEED (RECIPROCAL OF Time) 
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BRIGHTNESS OF TASK IN FOOTLAMBERTS 
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Fig. 3. Increasing speed of reading steel vernier rule due 
to increasing footlamberts brightness of the task. 


roughly his results with those of the British in- 
vestigators 

There are several points of favorable comparison 
and in general the divergence is not great when the 
differences of technique are taken into account 


Discussion of School Tasks 

Table | brings into consideration the type of 
tasks for should be 
There are a variety of tasks performed 


school which illumination 
specified 
by the pupils in the typical classroom. However, it 
is thought by engineers that the lighting should be 
designed for the most difficult task commonly found 
in the classroom. Reading is generally from books 
printed in fairly large type on good paper. Among 
the more difficult tasks such as reading wall maps, 
drawing and art work, pencil handwriting is 
thought to represent as difficult a task for both 
pupils and teacher as is to be found in the everyday 
classroom routine 

The similarity of Tinker’s recommendations, the 
Weston data, and recommendations in the ‘‘ Amer- 
ican Standard Practice for School Lighting’’ for 
reading pencil handwriting is noteworthy: 20-30, 


27, and 30 footcandles respectively 
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Task 


10-point type on 80 per cent reflectance paper 
T-point type, newsprint 65 per cent reflectance paper 
Handwriting No. 2 pencil on 70 per cent reflectance paper 


3. Relative Visibility or Difficulty 

Another approach involves the use of the 
Luckiesh-Moss Visibility Meter.” It is reasoned that 
the degree to which the brightness, or the contrast, 
or the time of viewing must be reduced to cause a 
task to reach threshold is a relative measure of how 
visible it is (1.e., how far it is above the ‘‘barely 
seeing’’ condition). The Luckiesh-Moss Visibility 
Meter was designed primarily to reduce contrast 
by rotating an increasingly dense filter. This in- 
strument provides a means to rate various tasks as 
to their relative relationship (in relative visibility 
or proportionate difficulty of seeing) to each other 
or to an assumed reference task. Such relationships 
are shown in Table III. If a value of illumination 
is assigned to the reference task, which in this case 
is 8-point Bodoni type on white paper, other tasks 
can be rated proportionately according to Table 
III. For instance, if a recommended value of 
10-15 footeandles is acceptable for the reference 
task, pencil writing would require 
200 
— x (10-15) 
100 
It is seen that this method depends on setting a rea- 
sonable base illumination upon the reference task. 


20-30 footeandles illumination. 


Efficiency 


1. Index of Energy Input 

Some have reasoned that Nature's levels of from 
several hundred to several thousand footecandles 
must have greater significance than mere visual 
efficacy or performance, the maximum of which 


TABLE I1.—Lighting Levels at the Work. 
(Maintained in Service) 


Current Recommended Practice for Schools* 
Minimum 

Locations Pootcandles 

Classrooms -on desks and chalkboards** 30 

Study halls, lecture rooms, art rooms, offices, libraries 

shops and laboratories 

Classrooms for partially seeing pupils and those requir 

ing lip reading—-on desks and chalkboards** 

Drafting rooms, typing rooms, and sewing rooms 

Reception rooms, gymnasiums and swimming roome 

Auditoriums (not for study cafeterias, locker rooms 

washrooms orridors containing lockers, stairways 

Open corridors and store rooms 

*"American Standard Practice for School Lighting” 

**Where schools use chalkboards extensively for demonstration pur 

poses, higher levels than those indicated are desirable 
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Weston 


90. of Max. 98 of Max. 
Performance Performance 


2.5 fte 65 tte 
10.0 24.0 


12.0 27.0 


seems to occur at lower levels and that there may 
be benefits in the way of decreased fatigue, de- 
creased energy necessary to accomplish the tasks or 
the conservation of vision. Attempts have been 
made to study various physiological reactions under 
different conditions of illumination in an effert to 
set up a reliable index of the energy used in the 


visual performance of tasks. Such measurements 
are difficult to make and the correlation is complex. 
Some work has shown a significant relationship 
and others not. Research is continuing sponsored 
by the U. 8S. Navy, I.E.S. Research Fund, and pri- 
vately. These people are concerned not only with 


visual results or efficacy, but also with expenditure 
of the worker's resources and therefore with his 
efficiency 


Lighting Specialists’ Interpretation 


The various approaches are of interest because 
they all can be utilized in recommending the foot- 
candles for the tasks and through intercomparison 
allow a weighted judgment 


1. Characteristics of the Task Approach 


A study of the curves representing the ability of 
the eye to see individual characteristics of the task 
in terms of size, contrast, brightness and time, indi- 
cate that increases in visual ability are occurring, 
though at a diminished rate, at levels in the labora- 
tory which are consonant with those found in Na- 
ture. The roughly logarithmic response of the eye 
allows, at much lower levels, a realization of the 


TABLE III.—-Relative Illumination Needed for Tasks of 
Varying Difficulty.* 


Relative 
Tasks Pootcandles 


per cent 


* point Bodoni type (used as reference 100 
12-peint Bodoni type 50 
Good writing on chalkboard (6 feet from board 100 
6 point Bedoni type 170 
Own handwriting in pencil 200 
Newepaper teat (average 100 
Bookkeeping 150 
Drafting 490 
Shorthand notes 
tieed writing on chalkboard (22 feet from board) 700 
White thread on white crepe cloth 1000 
Steel ecale, 1/64 inch divisions 1800 
Black thread on dark cloth 4250 


*"American Standard Practice for School Lighting’ 
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Fig. 4. Laboratory set-up for measuring nervous reaction 
to illumination levels 


effectiveness of a large part of Nature's seemingly 


generous provision. This may not be strictly true 


if further work on the index of energy imput or 
the physiological cost of seeing should demonstrate 
that at higher levels of Ulamination the small gain 
of 1 or 2 per cent in visual acuity, contrast sensi 
tivity, or speed of seeing would result in a marked 
reduction in energy consumed or in the conserva 
tion of vision. Until this is further developed, the 
illuminating engineers and the representatives of 
through the 


thst determine the degree of better visi 


the publi American Standards Asse 
elation 
bility they desire in terms of visual acuity, contrast 
sensitivity and speed of seeing which are in keeping 
with the economic conditions and current usage 

\ recent survey" conducted by a graduate stu 
dent of Boston University through a questionnaire 
to “‘those responsible for the directing and super 
vising school lighting in each of 45 states and the 
District of Columbia’’ showed that from 20 states 
reporting on their reeomme ndations of illumination 
the average maximum value was 26.1 footcandles.* 

The National Council of Sehoolhouse Construc 
tion” states 
Some research results indicate that there are visual tasks 


which require 100 footeandies and above, for optimum 


visual efficteney llowever, f tusks rm tne t 
me nte ait f f tea lies are pra 
tieal and availiable teday a re entiafy 
r ments it ght as environment 


Why Footcandles Minimum for 


jrooms? 


Two Canadian reports 1! state 30 footeandles 
recommended and 30 footeandles minimum recom- 
mended respectively 

Results of a postwar questionnaire sent to ad- 
ministrators, school board officials and architects by 
Hl. W. Schmidt, Supervisor of School Building 
Service, Wisconsin State Department of Public In- 
struction’ show a median value of 30 footeandles 
within a range of 20 to 50 footcandles 


2. Speed of Performance Approach 

This represents a conservative approach based 
upon actual performance of visual tasks involving 
varying size and contrast. Values from two sources 
using this approach for handwriting show values 
of 20-30 footeandles versus 27 footcandles, both of 
which compare favorably with the 30 footeandles 
Standard for 


recommended in the American 


Sehool Light ing ¢ 


3. Relative Visibility or Difficulty 


The Luckiesh-Moss Visibility Meter presents the 
engineer with a mechanical medium which can be 
used to set up a relative relationship of any un- 
known task to a reference task. It aids the lighting 
practitioner to evaluate quickly this relationship 
and to make relative illumination recommendations 
according to the difficulty of the task. The final 
value depends upon the assignment of a basic illu- 
mination to the reference task to which all other 
tasks are related. One value that the designers of 
the instrument have used frequently is 10 foot- 
candles on &S-point Bodoni type on white paper, 
representing in their opinion a conservative value 
for a task equivalent to reading the Readers Digest 
Another comparative value might be that of Tinker 
calling for 10-15 footcandles on 10-point type. Thus 
if a value of 10 to 15 footeandles were assumed for 
the S-point reference task, the pencil writing of 
the classroom would require 20-30 footcandles—a 


value in close agreement with those described above 


4. Index of Energy Input 

It is hoped by engineers, physiologists and psy- 
chologists that further research, some of which is 
now underway, will augment the significant work 
already done in this field and in particular may de- 
velop an acceptable index of the physiological cost 
of performing a visual task. It is the feeling of 
many that there must be some greater benefits from 
iliumination levels which are higher than those 
under which one can get the bare maximum per- 
formance by pushing young normal or normally 
utmost in control 


corrected observers to their 


enbicles. It would seem that Nature's levels must 
represent some greater significance to her children's 
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Louver Panels a Feature of Park Ridge, Illinois School Relighting Program 


In their school relighting program, started several years ago, the Board of Education of Park Ridge, Illinois, made 
extensive use of louverall ceilings with slimline lamps. It was one of the earliest uses of this type of installation for 
classroom lighting, with the equipment in those days being mostly “tailor-made.” In expanding this early trial to the 
relighting of further old classrooms, they wazted to follow the same general plan. For this purpose a simplified form 
was selected which was easily adapted to the various plans and ceiling conditions found in old school buildings. The 
louverall panel installation in the Sewing and Domestic Science Room of Lincoln School, Park Ridge, follows the same 
louverall theme with modular simplicity, using slimline lamps in standard self-contained units. The lighting is by three 
continuous rows of five 48” x 96” paneled fixtures, using six slimline lamps per fixture at 200 ma. Illumination level is 
120 ft-c at turn-on, and designed to maintain 65 ft-c. The general appearance is reported as very pleasing, with low 


brightness. The table tops are of a polished black heat-resisting composition, but with this condition the reflected glare 
is reported as not bothersome. Lighting data and information furnished by David H. Mason, Chicago, Illinois. 
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in homes should and can be based on mea 
surement and observation in common with all 
specific visual problems. Measurement aids mate 
rially in resolving problems of lighting and lumi- 
naire choice. In the case of the subject of this 
paper, these problems include the lighting of the 
piano seore, the keyboard, and the pianist’s visual 
field as well as the most advantageous placement 
of suitable 


luminaires. These first studies thus 


propose 


1. To ascertain iminati requirements for the piano 


score, and thus ¢t supply the basis for ineluding foot 


candle recommendations for pianos in the Society's Table 
of Re mmended Illumination Valuea,' 

». To establish and locate a rational test plane area and 
to recommend limits of illumination variation on it, 

3. To appraise existing luminaires most frequently recom 


mended or used for this application in terms of 
1 and 2, and 

4. To suggest ideas for design development which, based 
on these studies, promise improved lighting conditions for 


the piantat 


1. IUumination Requirements for the Piano Score 

In this investigation reading a piano score is 
considered on a comparable basis to reading books 
level of various 


or papers. Thus, the visibility 


grades or classifications of typical piano scores 
were obtained with the Luckiesh-Moss Visibility 


inches, considered normal viewing distance 


Visibility readings were taken at eighteen 


It is recognized that these readings may not 
actually measure or give full cognizance to the 
more complex relationships in musie reading be 
tween reading the score and translating the notes 
into the hand and foot activity and into the final 
performance of the plaver. They do, however, serve 
as a rational basis for the recommended footeandle 
levels given in Table I. These values provide about 


the same visibility levels for reading the piano 


seore itself as is now provided for reading (at a 
fourteen-inch distance several sizes of book print 


ranging from 6-pt. to 12-pt. type) under the illu 
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ECOMMENDATIONS for lighting at pianos 
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mination recommended in the Society's Recom- 
mended Practice.’ 


2. Test Plane Area, Its Location, and Test Proce- 


dure, ete A high percentage of sheet music and 
music books measure when open 12 inches high by 


This 


12-inch by 18-inch area represents the actual visual 


18 inches wide; some are smaller, few larger 
task on which five illumination readings were ob- 
lettered) positions, Fig. 1, 
and averaged for each luminaire tested. It is the 
opinion of the authors that the minimum and maxi- 


tained at the indicated 


mum readings should not differ by more than 4 to 
1. Beeause the eve when focusing on either page 
sees an area to the left and right of it, the test 
plane is extended (beyond the actual music score) 
4 inches at either side as seen in Fig. 1. Additional 
footeandle measurements should be made at these 
two ends to make sure reasonable brightness-ratios 
are attained (preferably not exceeding 5 to 1) be- 
tween the left and right page of the score and their 
immediate surroundings 

The placement of the lower edge of the test plane 
above the floor and the tilt of the music plane, Fig 
1, are arbitrarily selected, since different makes 
and types of pianos vary in these respects The 
selected height and tilt of the music plane are com- 
mon and also represent an average of the extremes 
found. Comparative tests using a floor lamp re- 
vealed small differences in illumination between the 
lowest and highest music desk locations and rack 
tilt extremes (not including the miniature spinets). 
The depth of the music rack base and its distance 


behind the front edge of the keys vary, and there- 


Recommended Footcandles for Piano Scores 


TABLE I 


n 4 


Grade of Piano Music 


(classification) Level (minimum) 
hiementary® 10 
I! Intermediate® 20 
Advanced 40 
8 KReprese f simplest scores for begir re 


res in which sharp, flat, and natural 
tations appear beside the individual musical notes 


¢ Representative { more sdvanced ores and handwritten manu 


scripts hich grace fr s ond mordent fingering notations occur 
addition to complex hord groups The visibility of advanced 
war ve a wide range Where notations are printed on 

» fr sent good blishing practice and the entire 
. . andard sire, 100 footeandies and more are needed 


attained above 
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Pigure 1. The letters indicate the 
points of illumination measurement 
on the test plane, which is 12-inch x 
36-inch and tilted 17° back from the 
vertical, and on the wall and key- 
board, explained in Section 2. 


fore all luminaire placement dimensions are given 
in relation to bottom (or in some cases top) edge 
of the test plane (or music score) as well as to the 
keyboard center. 

It was found that the illumination results from 
specific luminaires is substantially the same on 
grand or spinet pianos when the luminaire is iden 
tically placed with relation to test plane and key 
board 
the test plane, the light reflected from the wall be 
hind it has no effect on the test plane illumination 


Because of the nearly vertical position of 


It does, however, aid in providing a pleasing 
brightness pattern above and to the sides of the 
music thereby adding to the visual comfort of the 
piano player. For these reasons, the tests reported, 
unless otherwise specified, were made with the 
plane placed as in Fig. 1 on a spinet piano, cen- 
tered and placed fiat against a wall. Upright pianos 
were not included in the tests because their manu 
facture is practically discontinued 

The finish of pianos does not affect materially 
the illumination at any of the points of measure 
ment. Obviously, however, blond finishes contribute 
much more favorably to the overall visual pattern 
than do dark ebony, walnut, or mahogany finishes 

Wall brightness should desirably be within a 5 to 
1 ratio of the score brightness. To ascertain wheth- 
er this is possible with varying wall reflectances, 
footcandle measurements are given at three points, 
6 inches above the top of the plane ——at a center 
point and 22 inches to left and right. In the few 
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tests made for grand pianos, the test plane was 
moved out 6 feet from the wall. 

The size of the keys and the high contrast be- 
tween the black and white keys result in a high 
visibility of the keyboard. From this viewpoint 
alone, footeandles in the order of 2 to 5 are satis- 
factory. From the viewpoint of visual comfort, 
however, keyboard brightness should be within a 
one to one-fifth that of the test plane 

Specular reflection does not offer serious prob- 
lems due both to the non-glossy papers used in most 
scores and to the nearly vertical angle of the music 
rack. Floor lamps placed at the player's side and 
in front of the keyboard and lineal sources at- 
tached at the top of the rack create small areas of 
specular reflection, which are increased with in- 
crease of the rack tilt 

The tests were conducted in a twelve-foot square 
room closely approximating the standard test room* 
used for evaluating other residential lighting equip- 
ment. All measurements were made with the 
Luckiesh-Taylor Brightness Meter on a nearly per- 
fectly diffusing white glass plate or on a mag- 
nesium oxide dise having 77 per cent and 99 per 
cent reflectance, respectively. The data were con- 
verted to footeandles. All lamp bulbs and tubes 
used were seasoned, measured for light output, and 
operated under controlled voltage conditions 


3. Lighting Performance of Typical Luminaires— 
Conventional Floor and Table Lamps. — The angle 
and position of the test plane present complex 
problems in obtaining satisfactory illumination 
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Inherent 


from conventional floor and table lamps 


ly, there is very marked decrease in illumination 
from one side of the piano to the other when only 
one lamp is used. The need of a pair of lamps is 
indicated. It is unfortunate that the use 
seldom 


elearly 


of two lamps of characteristic scale is 


cle orarive ly nae eptabl The general purpose floor 


lamp models (No. 1, Fig 


low amounts of direct light on 


2) naturally produce the 


most, though still 


the plane. They must be placed in front of the keys 


about in line with the player's shoulder to obtain 
substantially more than 20 footeandles (see Tests 1 
This placement is awkward, in 


and 7, Table III 
onvenient, and unattractive, except possibly at 
vyramd planes or at corner pla ed spinets 


The swivel-arm models have the important ad 


vantage of more suitable placement of the base at 


either side of the piano. The arm can readily be 


pulled forward and well ahead of the muste score 


Its lower heizht means that most of the plane illu 


mination mw by transmission through the shade and 


by retleetion from ceiling and wall, (Opaque shades 


thus sl ould not be loht distribu 


considered The 


thom is still not all to be desire dd. even though 


obtainable from this lamp type 


light per watt ts 
No. 2-4, Fig. 2 

With totally indirect torchieres ©S-foot 6-inch 
ceiling tbout lumens (tw lamps 


are required for 1) footeandles on the plane 
Due to the limitations of placing conventional 


pianos, the 


table lamps on both grand and 
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Figure 2. The luminaires studied and 

tested in this investigation. In the 

text and in Table III, they are re- 

ferred to by the numbers given them 
here. 


light source is of necessity either in line with or 
behind the center of the test plane. It is therefore 
impossible to obtain satisfactory illumination from 


bright 


them except with undesirably large or 
shades 
Rack-Attached Luminaires 
It is natural that ‘‘local’’ lighting units of 


tubular shape have been developed to be attached 
directly to the music rack. Several representative 
models for both spinet and grand pianos were in- 
eluded in these studies (Fig. 2). None of them are 
in harmony with the beauty of the piano nor offer 
improvement over conven- 


any over-all lighting 


The Effect of Tube Placement on Test Plane 
Illumination 


TABLE II. 


(Data were obtained using a 15-watt T-8 fluorescent tube 
in horizontal position parallel with the test plane. Lamp 
is shielded from viewer by black-lined narrow reflector.) 


Distance Out Ratio of Maximum 


From Top Average Footcandles to Minimum 
of Plane* on 12° x 9” Plane Footcandles 
13:1 
‘ 13401 
‘ 
7:1 
as 1 
a4 1 
7 
es 1 
I ax 2 ‘ plane, which is tilted back 17 
k ard at MNO ar respectively 
A added refl Foeteandles on key 
ard at MN and «? re 25. and 7. respective The tube may 
ghifiea hang effect 
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luminous shade 

2. 100/300w. plus 32 

circline. Lamp axis 34” left of X 
and 3” in front of Y 


Test #2 

CLM (B bew!l), 12” swing arm 
luminous 16” shade #3. Fie. 2 
50/150w, Lamp axis 22” left of X 
and 10” in front of Y 


Test #9 

Pair of torchieres—66” tall 
shallow white inside dense 

bowls. #5, Fig 2. 
Lamp axis 34” to left and right of 
X and in line with Y 


Test #4 

Ceiling attached swivel socket 

light #12, Fig. 2. 75~. R30 
type. Socket tilted 55° below 
zontal, 24” in front of Y 

and 82” above floor 


Test #5 

Swing arm 15” extension 

10” bowl, 18” luminous shade #2 
Fig. 2, 100/300w. Lamp axis 

left of X and 13” in front of Y 
Tested at grand piano keyboard 
6’ out from wall 


Test #6 

Wall lamp 11” bettom dia. #6 
Fig. 2 50w. R-40 white indirect 
bulb. Tested at spinet turned 
right angle to wall. Lamp ax 

left of X and 11” im front of Y 
Mounted 48” from floor to lower 
edge of shade 


Test #7 
Same as #1. Lamp axis ix 20” left 
of X and 18” in front of Y 


Test #8 

Tubular reflector, ivory finish, on 
adjustable table stand for spinet 
only, #7, Fig. 2, 15~ Ta F. Tube 
axis 34%" above top of plane and 
4” io front of it—tilted 14° below 
horizontal 


Test #9 

Ceiling mounted § spotlight with 
swivel socket. #12, Fig. 2. 150~ 
R-40 Flood. Socket tilted 55° below 
horizontal and 24” in front of Y 
center and 82” above floor 
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TABLE III.—Lighting Performance Data 
For brevity X is used to represent position of keyboard center and Y for position of lower edge of test piaue 
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Satwfactery fer elementary scores 
although high keyboard brightness 
at one end distracting. This lamp 
type without cireline provides 10 
footeandies: a balanced pair, 20 
feoteandies, The use of an opaque 
shade or a placement which puts 
the lamp axis in line with or behind 
Y proved unsatisfactory 


Too great variation in 12218” plane 
illumination and on keyboard 
Model with circline and 18” shade 
#4. Fig. 2. produces 20 ft with 
better distribution bat not within 4 
te 1 A pair of either type more 
satisfactory and in better scale with 
spinets than #1 


Very smooth dutribution for ele 
mentary music Lower torchieres 
satisfactory if bowls have efficient 
reflecting surface. Equally satisfac 
tory at grand piane as placed in 


test room 


Very satisfactory. The K-50 spot 
lamp gives over 40 footcandles on 
plane but less light in surrounds 
If ceiling position all s socket of 
the flood at 7°8” above floor 
over 20 footeandies are supplied 
The bulb can be in vertical position 

but gives lees light and must be 
noe more than 20” in front of Y 


Satistactery for intermediate scores 

except for high brightness dir 
traction one end of keyboard A 
more transmitting shade than ured 
in test (av 100 ft L) would slightly 
inerease result, although the size of 
the shade used here is larger than 
esually) supplied on lamps of this 


type 


Only fair Wigh brightness shade 
over 400 
but anneying for other occupants 


not seen by player 


ef room Two lamps of this type 
above spinet placed flat to wall will 


supply less than 5 ft-c on test plane 


Only fair This rather awkward 
position provides highest ft« pos 
sible from this lamp type, Without 
cireline, 20 ft< and poorer dis 
(ipaque shade worse if 
spinet ix placed in room corner and 


tribution 


amp on wall side, illamination in 


creases 15% 


Very uncomfortable, Poor distribu 
tion across full test plane indicates 
need of longer tubular source and 
one extending farther from plane 
See Fig 4 


Very satisfactory for advanced 
scores A lamp of epot 
distribution provides over 200 ft-« 
on 12518” plane, but is too con 
centrated and in too high contrast 
with wall and rest of test plane 
About 100 fte with PAR-34 Flood 
and «similar distribution to R-40. 
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. 
(or music rack) 
Av. Ft-o from 
Plane Positions grightness Batio 
a, 3. C, D, Be on Ft-c on 
Luminaire Description (min.-maz. AD to BE to Wall Keyboard 
and Placement Variation) re* Commen' 
#1 “4 
Test 10-25) 1+ :1 29.15.9 
2: 
14-16) 17,19,17 20, 22. 20 
3 
spot 21 21 13,20,13 12,1812 
flood 
hor | i 
enter 
(19-98) 134 141 10,8 103, 43.14 
3 
(9 42) 1:34 14+ 1 (wail 6 77 2.8 
distant } 
a8 
(6-74) 33:1 1:33 3, 12,3 3.9 
: 
: 
(94-52) 1+:1 27, 54, 27 30, 45, 30 
F 


Av. Pt-c from 
Plane Positions 
4, B,C, D, 


Brightness Batio 


Luminaire Description (min.-max. AD to 
and Placement Variation) ro* 
Teet #10 
Base of rack unit for grand pisno i378) 57:1 


with ribbed clear clase shield #10 
Fig. 2, i6bw. Tube 2%" 


in front of test plane and 1” above 
rack 


Test #11 


Pair f experimental table lamps 445 1 2+ 
with 12” extension arm See Fig. 3 
and discuss Rection 4 100 
white lamp Lamp axis 


16” to left of X and 10” in front 


of ¥ Dete for grand piano and for 


shades (140 fl having « 2” 
vertical section of mech higher 
tranamission (4502000 ftl 


Test #12 
Experimental reflector long, 5 
wide, 3” deep, tilted 2 up from 
Two 20w~. Center 
of tabe 0” in front of test 
plane tep and 3” 


: 
+ 


hortsontal 


above it 


*See Fig 1 


tional portable lamps. They are much more eco 
nomical of electricity, and in general, they provide 
a higher average illumination on the 12 inch x 18- 
inch plane 
unit (No. 9, Fig. 2 
20 footeandles, and data for it are not included in 
Table IIT 


in the visual field 


Only the relatively short incandescent 
gives less than an average of 


They all create harsh brightness ratios 
Generous lighting from other 
room lighting is essential when they are used 
Most important is the fact that the tube is placed 
so close to the rack that there is a most undesirably 
light 
To emphasize the necessity of better spacing 


sharp drop-off in with distance from the 
source 
between the source and the plane, the data in Table 
Il are presented. A test plane equal to one page of 
musie centered on the rack was used 

A shield of ribbed clear glass over the tube great 
Test No. 10 


distribution is obtained at 


ly Improves the livht spread see 
With its use, a4 to 1 
one-half the distance indicated in Table II 


Ceiling Spotlights 


The smoothest lighting of the pianist’s entire 
seene at illumination levels for all music score clas 
sifications was found with the use of incandescent 
reflector and projector bulbs with flood distribu 
These are placed in typical swivel-socket 


as No. 12 in Fig. 2 


in the case of lower 


tion 
units, such which may be ceil 
ing mounted or eilings, semi 


Many types for both mountings 


or totally re essed 


Lighting for the Piano in the Home 


BE to 


Commery-Webber 


Ft-c on Ft-c on 
wal Keyboard 
Very poor light dutribution. Ribbed 
57 leas than lees than glass sides distribution, buat axis 
1 1 must be 4” in front of music before 


4 to 1 distribution attained. Less 
effective unit. #8. Fig 2 also for 
grand pianos only) sets down on 
tuning rods in front of rack: very 
poor distribution unless rack pushed 
extreme position, 24” or more 
om eyes 


to 
fr 


ould be used 


Very satisfactory and 


wall #° 85, 80, 85 on some types of spinets Good 
distant styling would seem possible since 
4 shades can be in better scale than 
most nventionsal floor or table 


models. With shade of approximate 
ly 175 {tL and no special vertical 
about i ft It is ques 
tionable that this brightness level 
would 


section 


be acceptable so close to eyes 


Very satisfactory. Refinement of de 
I 9, 25,9 25, 90. 25 sign and good means of attaching 
to back of piano needed 


are on the market. They present the necessity of 
permanent piano placement, specific wiring, and 
definite luminaire placement, but in many cases 
these are not serious drawbacks especially in view 
Tuese same bulb forms, 
designated at R-30, R-40, and PAR-38, with spot 
distribution, when identically placed, provide up to 


of their excellent results 


five times as much light on the 12-inch x 18-inch 
plane, but also direct far less light on the remain- 
ing test plane and wall with very uncomfortable 
results 

Placement of the three classes of luminaires con- 
sidered in this paper is usually critical, and full 
descriptions and test data are included in Table 


4. Suggestions for Further Development It is 
apparent from a study of the test data that there is 
need for more design development of portable 
equipments which more completely satisfy both the 
lighting and aesthetic considerations of piano light- 
effort should be directed to 


obtaining 40 footcandles or 


ing. In new designs 


more. Presumably 
everyone who spends any considerable time at the 
piano is or will be reading advanced music scores! 
In these initial, though not completely exhaustive 
studies, three possible developments, one in each of 
the three luminaire classifications discussed, seem 
worthy of further design and style attention 


a. A pair of table lamps of an entirely new form, 
for this application only, offer interesting possibil- 
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Pigure 3. With added design skill, delicately scaled ex- 

tension table iamps (shown with special shades 5-inch 

top, 6-inch bottom, and 7 inches high) could be a new 

solution for excellent lighting at the grand piano as well 

as some spinets, and also be attractive piano ornaments. 
See discussion, Section 4a. 


ities. (See test No. 11 and Fig. 3.) They would 
seem to need very short bases incorporating either a 
swing-arm or pull-out extension (at least 12 inches 
to position the light well ahead of the score) and 
dense cylindrical shades, having a 2-inch vertical 
section of high transmission. When the shades are 
turned so that the narrow ‘‘slot’’ aims its light 


Figure 4. The suggested “local” light offers design chal- 
lenge to overcome its mechanical appearance. But it 
shows the small scaling possible for the tube and shield 
unit and its most desirable positioning for lighting not 
only of the music score but wall and keyboard. See dis- 
cussion, Section 4b. Small dimension and appropriate 
finish may go far in making it inconspicuous. 
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(from 100-watt Deluxe white lamps) at the score, 
the player cannot see its high brightness nor can 
other occupants of the room if the lamp’s over-all 
height is about that of the score. When not in use, 
the socket can be pushed back into normal position, 
the ‘‘light’’ section turned from view, and take on 
the semblance of purely decorative ornaments. 
Plastic and various composition papers should lend 
With in- 
genious handling, possibly straight-sided silk shades 


could attain this effect by omitting a section of the 


themselves to the suggested treatment 


lining 


b. While all the rack attachment units are far 
from attractive, they could be improved both in 
scale and in effectiveness. Designers might well 
consider the use of the 13-watt T-5, 21-inch tube 
for more delicately scaled units and for better cov- 
erage of the score and surround. A simple, white- 
lined shield can have delicate dimensions with the 
13-watt lamp, if a manual switch is used and the 
ballast is mounted on the back of the piano. The 
shield should be formed to cut the light at the front 
key edge and to protect eyes of those standing by 
the player. The unit in its simplest form could be 
supported with a rod attached on the back side of 


Figure 5. A decorative urn-shaped vase (at least 6” in 
diameter) can house a projector spot lamp for unusual 
and dramatic effect. It depends on the use of ceiling 
mirrors at the correct angle to redirect its light back to 
the music rack and keys. See discussion, Section 4c. 
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in both 
vertical and horizontal sections to make it appli- 


the piano. It should have adjustability 


eable to all sizes of spinet pianos. In correct posi 
tion, the horizontal axis through the lamp should 
be about four inches above and eight inches out 
from the top of the music (an instruction which 
should accompany the unit), as noted in Table II 
See sketch Fig. 4 

Certainly skillful designers can devise more suit 
able and decorative holders for the tube and shield 

table-based or wall-attached. On the market is a 
most attractive table form, with lyre-shaped stand 
ard (ballast in base) and graceful curving arms to 
support the tube. (It needs some slight rehandling 


to place the tube as indicated herein 


e Although the reflector and 


bulbs with spot distribution proved unsatisfactory 


projector ty pe 


when directed from the ceiling to the music rack, 
they de have a possible application which would 
not require permanent wiring. One of these lamps 
may be concealed in a suitable urn-type vase (see 
No. 11, Fig. 2) placed in back of the music rack. It 
or mirrors) placed 
at correct angles to reflect its light back to the 
With the lamp tilted 15°, the 
mirror, approximately 10 inches x 24 inches, must 
to light the rack and keys. It 


would be possible to decrease the size of the mirror 


depends on the use of a mirror 
score and keyboard 
be tilted about 30 

by use of several smaller sections, each appropriate 


With an & ft 6 in eeiling (the bulb 
about 65 foot 


ly tipped 
placed 44 inches above the floor 
eandles can be expected If clear ribbed glass is 
placed correctly over the bulb, the ‘‘spot’’ is spread 
lengthwise for softer appearance and about 30 foot 
Additional room lighting is 


candles on the score 


needed on the wall. In lower-ceiling rooms and on 


taller spinets (or uprights) the smaller 75-watt 


reflector spot (R-3O bulb) may be used 

In some new homes, a niche may be planned for 
spinet piano placement. Then it is quite simple to 
attain 40 footcandles and more by placing fluores 
thinly-etched glass in the soffit 


eent tubes above 


above. Or in small music rooms it is possible to 


build 


Hlumination and improve the 


sufficient general lighting to augment the 
distribution of con 


ventional floor lamps and special piano units 


It is hoped that the data and discussion set forth 
in this paper may awaken the lighting practitioner 
and equipment manufacturer alike to greater atten- 
tion to and study of this long-neglected but visually 
important lighting application 

The authors wish to acknowledge the assistance 
of Mr. A. A. Eastman in making the visibility read- 


ings of selected music scores 
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DISCUSSION 
Myerie Fansnenpver®: How to light the home piano is 
a query that has been asked of every lighting consultant. 
Up until now the answers have been based on experience 
and general accepted practice. The authors of this splen- 
did paper have made a real contribution in setting forth, 


for the first time, a test plane area, and recommending 


illumination values for three classifications of piano 


scores 


From the authors’ tests, only three and possibly four 


types of floor lamp models most commonly used in the 
home, perform satisfactorily for this seeing task. In 
my opinion, instead of a floor lamp, most home-makers 
would preter a neat, attractive, and inconspicuous device 
The few such items 


that can be attached to the piano. 


that are now on the market were tested by the authors 


whe found that they did not meet the quantity and 


quality requirements established for satisfactory per 
formance, It is hoped that the authors will interest some 
manufacturer in developing a portable unit for attach- 
ment to the plane that will produce acceptable illumina- 
tion for all classes of scores 

I would like to suggest that the authors submit piano 
seores in three classifications suggested in their paper to 
the Residence Lighting Committee to aid the Committee 
in their study of the footeandle values the authors have 
recommended for the reading of sheet music 
Bleomfield, J 


*“Westinghouse Pleetric Lamp 


The Natronal 


Remember August 21-24 


Attention 1.E.S. Members 


Technical Conference is a month earlier this veat 


Huntington Hotel 


Pasadena, California 


Lighting for the Piano in the Home 


Commeru-Webber 


ILLUMINATING ENGINEERING 


364 


ALA. Pile No. 31/14 


Lighting a Card and Record Shop 


1 


LIGHTING OBJECTIVE: To provide general illumination and highlight merchandise in a small store. 


Installation at Martha Jane’s Melody Lane, 3600 South Carrollton Avenue, New Orleans, Louisiana. 
Architects: Diboll, Kessels & Associates; lighting designed by 
Norwood J. Oge, New Orleans Public Service Inc. 


General Information: Martha Jane's Mclody Lane sells radios, phonograph records and greeting cards 
ina 100 x 25 x 14 foot area. In the front and along one side are large glass bays covered with drapes 


which are drawn back at night to show the store’s interior 


Surface characteristics are as follows 


side walls knotty pine 

ceiling ivory acoustical board 

floor green and white rubber tile 
furniture light oak 


listening booths knotty pine 


Installation: Approximately 50 footesndles of general illumination is provided by thirty-two semi 
direct, egg-crate louvered, cetling-mounted, fluorescent luminaires (Pittsburgh Reflector Co. #A-7440) 
each containing four 40-watt 3500 K lamps; sixteen 150-watt concentric-louvered downlights (Pitts 
burgh Reflector Co. #A-178-14) equipped with PAR 3S spotlights; and sixteen 300-watt incandescent 
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lamps mounted within light control lens units (Holophane #E-1774). Listening booths are lighted to 
20 footeandles by 32-watt 3500 K ceiling mounted semi-direct circular fluorescent luminaires (Hom-O- 
Lite #5001 Greeting card racks are highlighted with case-mounted 30-watt 3500 K fluorescent strip. 


Brightnesses are indicated below 


lower side wall 11.5 footlamberts 
upper side wall 17.5 
ceiling (between luminaires 19.5 
floor (between luminaires 19.0 
counter 23.5 
‘ listening booths (wall 5.0 
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N THE MANUFACTURE of argon-filled in- 
candescent lamps, prevention of ares when the 
lamp is first lighted-up at rated volts is accom- 
plished by ‘‘flashing’’ the lamp. This flashing con- 
sists of prelighting the lamp for a few seconds at 
some intermediate voltage, usually about 70 per 
cent of rated value, followed by similar intervals of 
lighting at successively higher voltages until about 
95 per cent of the rated volts of the lamp is 
reached. By this method the lamp is said to be 
“cleaned up”’ and the tendency to are upon subse- 
quent relighting at rated voltage is reduced almost 
to zero. There are, however, some lamps which have 
a higher tendency to are than others after such a 
flashing procedure. The determination of the cause 
of this prompted the work summarized in this pa- 
per. Furthermore a lamp will not give consistent 
readings of watts or lumens per watt until the 
lamp has been well aged at higher than rated volts 
for a considerable period of time 
The purpose of this paper is to show correlation 
between the liberation of impurities from the fila- 
ment (and the thermionic emission associated with 
this liberation) and the unstable conditions causing 
ares, high watts, and low lumens per watt. For 
purposes of simplification, all voltages, currents, 
temperatures, ete. referred to are in respect to 
lamps containing 100-watt, 120-volt coiled-coil fila- 
ments in an argon-nitrogen atmosphere 


Tendencies of Lamps to Arc 


The tendency of an unaged lamp to are when 
lighted at rated voltage can be varied over an ex- 
tensive range by using different methods of flash- 
ing 

This is shown in Fig. 1, where the results in 
respect to ares are indicated for lamps which were 
flashed under varying conditions of voltage and 
time. Those flashed under the voltage and time 
limits of Area A had about a 50 per cent chance 
of arcing when subsequently relighted at 120 volts; 
those of Area B substantially all arced on relight- 
ing; those of Area C in almost no case arced on re 
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Thermionic Emission in Gas-Filled 
Incandescent Lamps 


By RICHARD H. CLAPP 


lighting; while those of Area D tended to are 100 
per cent at the flashing voltage and never reach 
relighting. Obviously, those near the boundaries 
of the Areas have intermediate properties 

In order to examine this function of ‘‘cleaning 
up”’ or ‘‘flashing’’ a lamp, the following points 
were first noted 
(a) There is insufficient, if any, pressure change in the 
argon nitrogen fill to account for any change in the tendency 
to are. 
(b) There is no measurable change in argon to nitrogen 
ratio which might account for a change in the tendency to 
are. 
(ec) There is no direct correlation between the change in 
erystal structure of the tungsten metal and the tendency of 
the lamp to are, since these changes occur at different tem 
peratures and periods of time. 
d) There might be a clean up of impurities in the argon 
nitrogen fill (as in the case of flashing a vacuum lamp). 
(e) There might be a clean up of impurities in the tungsten 


metal 


Of these latter two possibilities, the clean-up of 
impurities from the tungsten metal is shown to be 
the critical factor. In investigating this, several 
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MINUTES FLASHED 


Figure 1. Correlation of flashing schedules (voltage and 

time) with arcs. Lamps flashed on the schedules repre- 

sented by: Area A might arc on relighting; Area B all 

arced on relighting; Area C did not are on relighting; 
Area D arced during flashing. 
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lamps were made up, flashed and relighted at 120 
volts in the usval manner without ares. In a por- 
tion of these cleaned up lamps the old filament was 
replaced by a new filament in the same argon-nitro 
gen mixture. This combination (new filament, old 
gas) caused ares when relighted at 120 volts. Con 
versely, in another portion of these cleaned-up 
lamps the old argon-nitrogen mixture was replaced 
by a fresh mixture, and with this combination (old 
filament, new gas) no ares occurred on relighting 
at 120 volts. It is therefore evident that the clean 
up is a function of the filament and not of the 
gas fill 

Furthermore, it can be shown that a filament 
whose surface is contaminated with superficial im 
purities has a much higher tendency to cause ares 
in a lamp than one whose surface is chemically 


clean. The curves of Fig. 2 are illustrative of this 
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PRELIMINARY FLASHING VOLTAGE 
Figure 2. Correlation of cleanliness of filament, flashing 
voltage (for 3second flash) and tendency to arc. 
Filament Group No. 1 dirty 
Filament Group No. 2 — control 
Filament Group No. 3 specially cleaned 


The filaments of Group No. 1 were improperly 
rinsed after treatment in regular cleaning agent 
Those of Group No. 2 received the normal cleaning 
operations, and were used as controls. Those of 
Giroup No. 3 were similar to the controls, but re 
eeived, in addition, further cleaning by special 
chemreal processing Th flashiny voltages used 
seconds duration in everv case) are shown in the 
abseimsa, while the ordimates re present the voltages 
which the lamps could subsequently withstand 


without resulting in ares. Thos latter is detined as 


the critical relighting voltage, and is the inverse of 
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the ‘‘tendency to are.’ These results show the 
lower arcing tendencies of the progressively cleaner 
filaments, and the still lower arcing tendencies ob 
tained by flashing the filaments between 80 and 
100 volts for a period of 3 seconds. Flashing be 
tween 20 and 60 volts increases the tendency to are 
similar to Area B of Fig. 1 

Referring still to the curves of Fig. 2, it should 
be noted that the specially cleaned filaments in 
Group No. 3 when flashed at 80 volts have no 
greater tendency to are than the normally cleaned 
filaments in Group No. 2 when flashed at 100 volts 
Yet the former filaments are superior in mechani- 
eal strength to those flashed at 100 volts, since 
flashing at this resultant higher temperature causes 
a change in the internal structure of the tungsten 
and produces a weaker filament. A filament flashed 
for 3 seconds at only 80 volts is less subject to 
breakage during transportation and handling, 
prior to its ultimate burning in service, than is a 
filament flashed at 100 volts 


Thermionic Emission 


It is well known that when a pure tungsten fila 
ment is heated to incandescence, electrons are 
emitted. If a collector plate with a small positive 
voltage is placed within a few millimeters of the 
filament and connected through an external circuit 
to the center tap of the filament transformer, a 
plate current can be observed and measured. If 
this is done in an argon-nitrogen atmosphere, this 
eurrent may be shown to be space charge limited, 
and does not increase above a certain fixed value 
with increasing filament temperature 

The emission from a tungsten filament which has 
been fully aged (such as by operating a 120-volt 
filament at 130 to 150 volts for several hours) may 
be considered to be the same as from a pure tung 
sten filament, and can be shown to have the charac 
teristics deseribed above. This we shall identify as 
the normal’” thermionic emission of the lamp 
This normal emission does not change materially 
with time. With a ‘‘raw’’ or unaged tungsten 
filament an additional emission current is found 
which we shall identify as ‘‘excess emission.’’ This 
eXcess emission is a function of both filament tem 
perature and time. If, for instance, a raw lamp 
which has not been previously lighted (and which 
is equipped with a suitable plate at some plus 45 
volts D. C. with respect to the center of the fila- 
ment) is lighted on a schedule in which the fila- 
ment voltage is increased in 10-volt steps every five 
minutes, the total current in the plate cireuit may 
the read and the result plotted. Curve A of Fig. 3 
is typical of such current readings, which inerease 
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Figure 3. Thermionic emission of lamp before and after 
aging. 
Curve 4 — Total emission from previously unlighted lamp 
when voltage was increased in 10-volt steps every five 
minutes and then aged for three hours at 130 volts. 
Curve B — Normal! emission from same lamp after aging, 
when retested under the same voltage-time cycle. 


temporarily with each 10-volt increase in filament 
voltage and then decrease with time as each voltage 
is held constant. Readings were taken from 40 
volts (the lower limit of measurable emission) up 
to 130 volts in five-minute intervals; the lamp was 
then aged out at 130 volts for three hours more, at 
which time equilibrium emission was attained 
When this fully-aged lamp was then re-run through 
the same voltage-time cycle, a curve of the normal 
emission of the lamp was obtained as shown in 
Curve B. The area between Curve A and Curve B 
represents the excess emission given off by the raw 
lamp 

This excess emission is ev idently dependent upon 
the volatilization of impurities in a_ thermally 
ionized state from the raw filament, and it deterio 
rates with time as a portion of these impurities are 
removed from the filament at a given temperature 
These ions themselves, however. do not produce the 
excess emission currents observed. For one reason 
their quantity is believed to be too small to have any 
such effect, and furthermore, no positive-ion emis 
sion can be observed as plate current by reversing 
the polarity of the plate. The effect is rather as 
follows 

Assume a positive ion to be emitted from the 
filament by thermal ionization of an impurity 
molecule along with the large number of normally 
emitted electrons. This positive ion will be accele 
rated into the negatively-charged field of the 
space charge surrounding the filament, and because 
of its opposite charge will neutralize the effect of 
an electron comprising the space charge. This in 
itself would be a minor effect except for the rela 


JUNE 1950 


tive velocities of the electron and the positive ion, 
The true effectiveness of the ion will be propor- 
tional to the time spent in the field, which time is 
inversely proportional to the square root of its mass 
Thus the effectiveness of the ion over the electrons 
is directly proportional to the square root of their 
masses, or in the ratio of (1836M)‘:1, where M is 
the molecular weight of the ion. This makes a 
sodium ion equivalent to some 200 electrons, or a 
potassium ion to 270 electrons The effect of the 
positive tons ts to reduce the effective space charge, 
thus allowing many more electrons to pass through 
that region and reach the plate from the filament 
The excess emission current is thus a current 
consisting of electrons emitted thermally from the 
filament and liberated from the space charge by 
positive ions, these positive ions being produced 
thermally by volatilization of impurities from the 
filament 

This excess emission current may be expressed as 
microampere-minutes of plate current, and two or 
more filaments may be directly compared as to 
excess emission in this manner. Nevertheless, it 
may be shown that this excess emission current is 
not directly proportional to the rate of loss of im- 
purities from the filament. If two control filaments, 
each containing the same amounts of impurities, 
are aged out at different rates, the one in which 
the impurities are liberated faster will show the 
lower total microampere-minutes of plate eurrent 
Experiments indicate that the liberation of impuri 
ties is more nearly proportional to the square of 
the excess emission current, or that the total im- 
purities liberated may be expressed as (micro 
ampere )*-—— minutes, regardless of the rate of 
liberation. Therefore in comparing the liberation 
of impurities from two or more unknown filaments 
this relationship has been made use of, as in the 


following section 
Correlation of Excess Emission and Arcs 


Fig. 4 shows the results of excess emission mea- 
surements on each of four lamps whose filaments 
were given various cleaning treatments. The fila- 
ments for the first three lamps were taken from the 
groups described for Fig. 2. Filament No, 4 was 
similar to the control (Filament No, 2), but was 
further treated byw sintering in hydrogen for 10 
minutes at 1500°C. The excess emission as plotted 
was derived from the area between the total emis 
sion curve of the raw lamp and the normal emission 
curve of the same lamp after aging (see Fig. 3) 
the lamps in this case being burned for one hour at 
each 10-volt step. Mathematical squaring of the 


current was applied as described above. This emis- 
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Figure 4. Excess thermionic emission as a function of 
filament cleanliness. 


Lamp No. 1 — dirty flament 
Lamp No 
Lamp No. 3 — chemically cleaned filamen? 

4 contro] filament thermally cleaned 
in hydrogen 


contro] filament 


Lamp No 


Lower shaded portion: excess emission between 40 and 

80 volts. Diagonally shaded portion: excess «mission be- 

tween 90 and 150 volts. Top solid portion: oxcess emis- 
sion during aging at 150 volts. 


sion is shown in Fig. 4 in three portions by shading, 
as measured between 40 and 80 volts, between 90 
and 150 volts and during aging at 150 volts 

Good correlation is thus established between the 
surface cleanliness of the filament and the excess 
emission of the lamp. Thermal cleaning in hydrogen 
was shown to be ineffective. Fig. 2 has already 
shown the correlation between the surface cleanli- 
ness of the filament and the tendency of the lamp 
to ar From these two sets of data we can there 
fore show correlation between the tendenev of the 
lamp to are and the excess emission. The theory is 
accordingly developed that an ionized plasma is 
formed surrounding the filament bv the volatiliza 
tion of ionized impurities from the filament, and 
that when this is increased to an excessive degree 
an are may be established within the lamp from one 


filament lead to the other through this plasma 


The fact that, regardless of the degree of sur 
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face cleanliness, in no case was the excess emission 
completely eliminated, leads to the supposition that 
internal impurities within the structure of the 


tungsten metal are also liberated and contribute to 
the tendency of the lamp to are along with the 
surface impurities referred to above 


Correlation of Excess Emission 
and Lamp Readings 


It has long been an established fact that an in- 
completely aged lamp will show higher current 
watts) and lower efficiency (Ipw) than will the 
same lamp after complete aging. This has more or 
less been assumed to be caused by a change in re- 
sistance of the filament as the lamp becomes aged 
However, it can be shown that the fundamental 
resistance of the filament does not change with 
aging of the lamp, but that the excess current and 
lower efficiency depend upon the excess emission 
produced by the unaged lamp 

Lamp current measurements made during the 
periods of lighting a raw lamp on a filament volt- 
age and time schedule similar to that described 
previously (in this case 15 minutes at each 10-volt 
increment in voltage from zero to 150 volts) indi- 
cate that the cold resistance of the filament re- 
mains constant throughout the aging of the lamp 
However, as the voltage is increased and the fila- 
ment becomes incandescent, the lamp current shows 
an abnormal increase, (in the order of one to five 
per cent). This increase is defined as the current, 
at a given voltage, over and above the current 
consumed by the same lamp after complete aging 
when re-measured et the same voltage 

Filament temperature measurements were also 
made during the same successive periods of light- 
ing the raw lamp on its schedule up through aging 
by means of an optical pyrometer which was 
focused on the inner surface of the secondary helix 
of the coiled coil These results, in terms of 
‘brightness temperature,’ were converted to 
values of ‘‘true temperature’’ and expressed in 
degrees Kelvin. These measurements indicate that, 
as the voltage is increased and the filament be- 
comes incandescent, the filament shows an abnor- 
mal deficiency in temperature (in the order of 
25K This deficiency is defined as the tempera- 
ture, at a given voltage, under and below the tem- 
perature attained by the same filament after com- 
plete aging when re-measured at the same voltage 

These measurements indicate that the excess 
lamp current and the deficiency in filament tem- 
perature observed in unaged lamps not only occur 
simultaneously with the excess thermioni¢ emission, 
but vary in degree between lamps as the excess 
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thermionic emission varies between the same lamps 
This correlation lends credence to the following 
three-fold theory : 

(a) The volatilized impurities are thermally ionized and, 
by acting on the space charge, produce excess thermionic 
emission. 

b) At the same time they form a highly conductive plasma 
surrounding the filament, which plasma is capable of sup 
porting a lead-to-lead current external to the flament and 
thus increase the total lamp current (this plasma, when 
present in excess, results in a destructive are 
e) The act of volatilizing the impurities from the fila 
ment absorbs heat, and therefore accomplishes a reduction 


in the temperature of the filament 
This latter has a two-fold effect. First, the effi- 


lumens per watt) is reduced with the tem- 
perature, and second, the resistance of the filament, 


ciency 


being dependent on temperature, is decreased to 
the resistance value associated with the lower tem 
perature, and the current passing through the 
filament at that temperature is accordingly in- 
creased. This is a true increase in filament current, 
but this thermal change in resistance must not be 
confused with a basic resistance change of the wire, 
which would produce a change in filament current 
at the same ‘emperature. Quantitative measure- 
ments on these two causes of increase in lamp cur- 
rent show that at 50 volts, for instance, approxi- 
mately half of the excess lamp current goes through 
the slightly cooled filament as increased filament 
current, and the remainder goes from one lead to 
the other, external to the filament, through the 
ionized plasma. In both cases the excess thermionic 
emission is associated with the increase in lamp 
current (watts) as well as with the decrease in 
temperature (efficiency) of the unaged lamp. 


Conclusions 


1. Excess thermionic emission is defined, and is 
shown to be a function of the volatilization of ion- 
This 


emission increases with increasing temperature and 


ized impurities from the unaged filament 


speed of volatilization, and deteriorates with time 
as the impurities are expended 


2. The tendency of a lamp to are is a direct fune- 
tion of the amount of excess emission present. By 
flashing the lamp at a medium-low voltage a large 
percentage of the impurities can be volatilized from 
the filament without producing enough excess emis 
sion to cause an are. Subsequent relighting at rated 
votage can then be accomplished without causing 
an are, due to the reduced amount of impurities 
present and the resultant reduced emission. Chemi 


eal cleaning of the filament, by removing surface 
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impurities, reduces the excess emission, and there- 
fore, reduces the tendency to are. Accordingly, a 
lower flashing voltage may be used with chemically 


cleaned filaments 


3. The high current and low efficiency readings of 
an unaged lamp are caused by excess thermionic 
emission. The fundamental resistance of the fila- 
ment remains constant throughout the aging of a 
lamp. 


DISCUSSION 


Hexry F. Ivey: I have read the above paper with 
interest. Mr. Clapp’s correlation of lamp arcing with 
filament cleanliness seems eonclusive and of practical 
importance, but I should like to make the following 
comments on the mechanism proposed to explain the 
areing phenomenon and on other points in the paper. 
In deseribing the emission measurements, Mr. Clapp 
states “this current may be shown to be space charge 
limited, and dovs not increase above a certain fixed 
value with inereasing filament temperature.” Since the 
collector plate is operated at a positive potential with 
respect to the center of the filament, in increase in 
filament temperature (which ean only be accomplished 
by an increase in the filament voltage) will also cause 
a change in the collecting voltage between the plate and 
the end of the filament 
measured eurrent to be independent of filament tem- 


One would thus not expect the 
perature in any case Space charge considerations in 
such an experiment are also complicated, of course, by 
the complicated geometry and by the presence of the 
ges. 

One might at first doubt that sodium would be ionized 
at a tungsten filament beeause its ionization potential 
(5.12 eV.) is greater than the work function of tung- 
sten (4.52 
book on “Thermionic Emission” states that “while it is 


true that most of the particles evaporate as ions when 


However, Reimann on p. 147 of his 


é is greater than V, and as atoms when @ is less than 
V., there must nevertheless be some evaporation of atoms 
when @ is slightly greater than V,, and some evaporation 
of ions when @ is slightly less than V,.” It is also to be 
noted that H. E. Iwes (Journal of the Franklin Institute, 
201 :47, 


Na, ions from a tungsten filament in an atmosphere of 


1926) experimentally observed the emission of 
I 


sodium. The impurity may not actually be sodium, of 
course 
Mr. Clapp’s explanation of the “excess emission” in- 


volves neutralization of the electron space charge by 


positive ions emitted from the contaminated filament 


He does not mention, however, the fact that the electron 
emission from such a contaminated filament will itself 
he greatly increased by lowering of the work function 
brought about by the presence of the contaminant. He 
apparently does not consider this effect because he be- 
lieves the current to be space-charge limited. However, 
as diseussed above, this is not certain. The increase in 
emission with time shown in Fig. 3 at certain stages 


of filament treatment could very conceivably be caused 
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by an activation of this kind. On this basis, one would 


alee expect the to decrease as the con 
taminant is removed from the filament surface, in agree 


ment with the observations 


Mr ¢ pp alec 


helleves that 


n appreciable part of 


the difference of 25 n filament temperature for aged 


and unaged lamps (eceuring for periods of many min 


utes) m caused by heat absorptyor 


imming from volatiza 


thon of the impurity from the fllament. Rough caleula 


thoms show that this um several orders of magnitude 


greater than the difference to be expected from vapor 


zation of the minute quantities of impurity that eould 
reasonably be « Ypected 


that the 


It see fairly obvious 


known changes in ervetal «structure and surface 


appearance that oeeur upon heat treatment cannot be 


neglected in considering the cause of the change in tem 


perature, apparent resistance, and luminous efficiency 


Cc. W 
ficial effeet of the 


Preanson: Mr 


Clapp's tests, showing the bene 


“clean up” on tendeney to are to be 
function only of the 


Equally 


filament, were very interesting 


nteresting was his correlation of 


“excess ems 


“won” and ares, and his explanation of high amperes and 


low efficseney in unaged lan 


In a private letter from Mr. E. 
Elmendorf, a few 


Raddin to Mr. DE 


questions suggested by Mr 


lapp's 


tests were rammed 


Wuestion 


Why de Py flashed at 40 and 60 wolts have 
a greater tendency toward areing than those flashed at 


volts? 
We 


have no explanation of this reversal 


n 


lemieney to are 


number of 


lamps, this same condition exists with our lamps 


Based on a very limited 


Question: Why was thermal cleaning in hydrogen found 
ineffective in surface cleaning the coils? 

Discussion; It might be expected that filament #4 of 
Fig. 4 would show less “excess emission” than the control 
filament #2, in that it had additional sintering at 1500°C 
for 10 minutes. However, Mr. Clapp’s curve of emission 
versus time, as a lamp os flashed, indicates that after 
raising the flashing voltage by a small step, the emission 
inereases and then decreases within 5 minutes te a value 
about the 
Thus, 


expected to be of little value 


same as bhetore the vollage was increased, 


additional time at any one temperature might be 
It is known that on occasion, resintering is beneficial. 
However, when the initial sintering is adequate in regard 


to time, and if no additional harmful material is left on 


the filament after the mandrel dissolving and cleaning 
operations, then resintering would be expected to be of 
little benefit. The additional handling involved in re- 
sintering might introduce more impurities and increase 
the “excess emission.” 

Question: Can Mr. Clapp’s theory be substantiated when 


applied to vacuum lamps, particularly of low voltage? 
Discussion: In that vacuum lamps which are unaged have 
a higher current and lower efficieney than aged lamps 
the vacuum lamps are similar to the gas filled lamp 

In addition to the above questions it would be of in 
terest to know whether the reduction in tendeney toward 
aremg obtained by the special cleaning process 1s suffi- 
eent to warrant an increase in the argon content of the 


filling gas 


Streamline Effects Enhanced by Light Reflections 


Reflected images of long slim light 
sources on a glossy surface has been 
turned into a virtue at the Specht and 
Eiler automobile showroom, Lykens, 
Pa. Alignment of the fluorescent units 
along the axes of the cars creates thin 
lines of reflections which enhance the 
streamlining of the automobiles on dis- 
play. As the show room doubles for a 
show window to attract night-time 
pedestrians, colored lenses over spots 
used to create a 


and floodlights are 
pleasing picture effect at night. Instal- 
lation designed by R. W. Rodgers, 


Pennsylvania Power and Light Co., 
Pottsville, Pa. office. 
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Performance Comparisons of Hot and 
Cold Cathode Fluorescent Lamps 


LUORESCENT LAMPS are often classitied 

as hot cathode lamps or cold cathode lamps 

Categorically, the cathode has nothing to 
do with the are column watts which supply the 
energy for the fluorescent light, and is primarily 
in the lamp to serve as an electron source for the 
are. Electrons can be released more efficiently 
from hot cathodes than from cold; for this reason, 
less watts are used by hot cathode lamps than by 
eold cathode lamps, of the same physical dimen 
sions and operated at equal currents, to produce 
the same amount of energy available for light out 
put. The resulting wattage difference between 
cold and hot cathode lamps having equivalent 
diameters and are lengths, is initially constant 
96TS slimline lamps having activated cold cath 
odes initially use about 25 per cent more watts 
at 120 ma than those having activated hot cath 
odes 

Efficient cathodes do not satisfy all of the asked 
for characteristics in fluorescent lamps. Life of 
eathodes in lamps operated on currents below 100 
ma or on frequent-starting circuits is inherently 
much longer for cold than for hot cathodes. Con 
sequently, slimline lamps are manufactured with 
either hot or cold cathodes 
Rather than apply generalizations to the differ 

ences between hot and cold cathode slimline lamps, 
particularly wherein the other important questions 
of lumens, lumen maintenance and wattage mainte 
nance are concerned, it is the purpose of this paper 
to deseribe (1) the major difference in construction 
and processing of hot and cold cathodes as adapted 
to slimline lamps; (2) some of the effects on these 
cathodes of common lamp variables, particularly 
filling gas pressure and operating current, a-c and 
d-c: (3) and the resulting differences to the life 
and efficiency characteristics of cold and hot cath 
ode slimline lamps operated on instant-start mul 
tiple ballasts in the laboratory 


Favorable Conditions for Experimentation 


For several years, production of both ty pes of 
slimline lamps was in this laboratory. Although 
A paper presented at the Natonsl Technical Conference of the 
IMaminating Engineering Society held September 202 1949 


French Lick, Indiana. Author General Electric Ce 
Cleveland, Ohio 
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By F. W. REUTER, JR. 


The differences in construction and processing 
of hot and cold cathodes used in slimline fluor- 
escent lamps, and resulting differences in lamp 
performance are described. Lamps with acti- 
vated cold cathodes have rising voltage charac- 
teristics during life, not common to hot cathode 
lamps, which adversely affect efficiency mainte- 
nance and reduce lumen output of lamps oper- 
ated on lag ballasts with fixed voltage inputs. 
Severer exhaust procedures are required for 
lamps having activated cold cathodes, which 
can reduce initial lumen output; lamps with 
lower initial lumens have better per cent lumen 
maintenance but a lower total lumen aggregate. 


lamps were exhausted on different equipment, all 
cold and hot cathode lamps used the same phos 
phor-coated 96TS and 72TS bulbs (lamp sizes to 
which this paper is limited), thus materially re- 
ducing one of the major variables inherent in a 
study of fluorescent lamps. Lamps could be made 
with standard parts and on standard equipment, 
test variables purposely introduced, and some as 
surance be had that differences in observed or mea 
sured results would be due to the variables alone 
Advantage was usually taken of the testing section 
associated with the laboratory, where lamps could 
be operated under accurately controlled conditions 
Lamp life and reasons for failure were meticulously 
recorded and periodic measurements of electrical 
and lumen values made on equipment carefully 
designed and adjusted to keep measurement errors 
to a minimum. In all, there existed a favorable op 
portunity for a comparative study of cold and hot 
cathode slimline lamps. The data given in this 
paper refers to slimline lamps manufactured and 
tested under these conditions 


Design and Process Differences 


Side by side, unlighted cold and hot cathode 
slimline lamps look essentially alike. When lighted, 
the lamps with the cold cathodes have dark ends 
because of the differences in construction of the 
two types of cathodes shown in Fig. 1. The hot 
eathode is an activated, coiled tungsten filament, 
each end of which is electrically connected to and 
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Figure 1. Typical T-8 slimline lamp cathode constructions. 


supported by the two lead wires running through 
the lamp stem to the single contact pin on the lamp 
base. The shield around the cathode is supported 
by one of the lead wires and does not touch the 
coils of the filament 
shield 


caused by the gradual disintegration of the cathode 


The primary purpose of the 


is to minimize end-darkening of the bulb 


during starting 

In operation, the are comes from a hot spot on 
the coiled cathode. During life the hot spot, which 
gradually traverses the cathode 


When 


voltage at the cathode 


begins at one end, 
until all of the active material is expended 
activity is lost a rise in 
occurs, rapidly and completely disintegrating the 
tungsten filament, and the lamp soon fails 

The cold cathode is a pure iron, nickel-plated 
thimble inches long, half inch 
in diameter and rolled down at the open end to 


approximately 


leave an entrance diameter for the are of about 
three-eighths of an inch. The greater length of the 
eold cathode reduces are length about two inches, 
compared to hot eathode slimline lamps of equal 
over-all length. The inside of the cold cathode is 
uniformly coated with active material providing an 
activated area of approximately 15 em*. Three 
leads from the 


hot cathodes) are needed to support this heavier 


lamp stem (instead of the two for 
cathode 

During the initial active life of cold cathodes, the 
shell 


spot and the amount of cathode area used by the 


are comes from inside the There is no hot 


are is dependent on the surface activity. During 


life the active materials sputter away much more 


quickly than the iron shell. Sinee life usually does 


not end until enough of the iron shell is sputtered 


away to cause lamp failure, the major portion of 


lamp life may be with the deactivated cathode con 


Comparts ns of Cathode 


“crescent Lamps 


dition, and, consequently, with lower operating effi- 
ciency, as explained later. 

The methods used for mounting the cathodes and 
assembling the lamps for exhaust are similar 
enough to eliminate any serious differences between 
hot and cold cathode lamp performance. Exhaust 
methods, however, and particularly the processes 
used to de-gas and activate the cathodes, can mani- 
fest major differences in lamp quality. Both cath- 
odes require heat treatment for de-gassing and 
to activate them with the better electron emitting 
materials. The term ‘‘de-gas,"’ as used here, in- 
cludes the evolution of gas resulting from the pre- 
liminary stages of decomposition associated with 
the compounds in which the active materials are 
present. For hot cathodes, it is convenient and ad- 
vantageous to use resistance heating by applying 
voltage across the two leads coming out of each 
end of the lamp. The direct control of the cathode 
temperature by this method, combined with the ex- 
cellent refractory and evaporation properties of 
tungsten, lend ample opportunity to attain opti- 
mum requirements for de-gassing and activating 
the cathode 

Cold cathodes require an indirect method of 
heating usually involving either high frequency 
induction, high voltage-high current arcing of the 
lamp, or both. Neither of these methods can be 
applied or controlled as easily as direct resistance 
heating, making it more difficult to treat cold cath- 
odes uniformly. The optimum temperatures de 
sired to thoroughly de-gas and activate cold cath- 
odes are about the same as for hot cathodes. Com- 
plicating factors at these temperatures, however, 
are the higher evaporation rate of iron than tung- 
sten, the longer time required to de-gas the larger 
cold cathodes, and, consequently, the greater op- 
portunity to lose too much of the active materials 
and discolor lamp ends. High velocity ions from 


high-current, low-pressure arcing, permit lower 
activation temperatures than with high frequency 
heating alone, but the active ingredients may also 
be sputtered away by the ions if enough arcing 
time is used to thoroughly de-gas the cathodes. 
Variables in lamp performance and appearance, 
therefore, such as lumen maintenance, electrical 
characteristics during life, and end blackening, are 
apt to oecur more frequently in cold cathode slim- 
line lamps 

An associated and equally serious problem dur- 


ing the de-gasification and activation of the cath- 


is the removal of the resulting exhaust gases 


odes 
from the lamp. There is considerably more total 
gas released from cold than from hot cathode lamps, 
primarily because of the greater cathode area which 
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must be activated. None of the component exhaust 
gases is inert, and under certain ionization, pres 
sure and temperature conditions present in the 
lamp during their exhaust, some of the gases can 
appreciably affect the coating on the inside of the 
bulb, resulting in a lower initial lumen output of 
the finished lamp. This exhaust effect is more ap 
parent in cold cathode slimline lamps which have 
had high eurrent areing during exhaust. Test 
lamps from different exhaust procedures for cold 
cathode slimline lamps have shown as high a differ 
ence in initial lumens as 20 per cent in favor of the 
high-frequeney Reducing the 
initial quantity of active materials added to cold 
cathodes should, and does give better initial lumen 


induction method 


output, but does so at the expense of active cathode 
(lamp) life. At best, exhaust procedures needed 
for processing cold cathodes are more severe than 
those needed for hot cathodes, usually resulting in 
lower initial lumens for the cold cathode lamp 
The results of a typical comparison test are shown 
in Fig. 6 and will be discussed later.) 

After the lamps are exhausted, a small amount of 
mercury is introduced together with a few milli- 
meters of argon gas. Requirements for both lamp 
types are similar and gas pressures in the range 


of 3.5 to 4.25 mm are used 


Effect of Current Operation on 
Lamp Voltage Rise and Life 


At very low currents all cold and self-heated 
hot cathodes operate as cold cathodes. Most of the 
current at the eathode in cold cathode lamps is 
carried by positive ions which bombard the cathode 
and release most of the needed electrons. Accord 
ing to the well-known Claude’s Law for unacti 
vated cathodes, the voltage at the cathode needed 
to accelerate the ions, commonly called cathode fall 
or cathode drop, is constant as long as the current 
density does not exceed 1 ampere per 149 square 
decimeters of total cathode area. Certain materials 
on the surface of the cathode such as barium, re 
duce the cathode fall and consequently, increase 
the current that can be drawn from the same un 
activated cathode area If the cathode area is 
small, such as with the activated tungsten filaments 
in hot cathode slimlines, at large lamp currents 
the energy in the discharge heats the cathode 


sufficiently to supply electrons thermionically 
Further small raises in temperature greatly in 
erease the rate of thermionic emission, so that 
any relatively minute area or “‘hot spot’’ can sup 
ply the needed electrons with little more cathode 
fall than is necessary to maintain the hot spot 
Most of the current at the cathode in hot cathode 
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lamps is carried by electrons and not by positive 


ions 

The hot-spotting on a slimline hot cathode occurs 
in a fraction of a second, because its small size and 
filamentary shape are designed to encourage rapid 
heating and thermionic emission. But the self- 
heated hot cathode, in low pressure type discharge 
devices, is still not practical until the watts input 
is great enough to permit a cathode fall below 20 
volts, above which potential the delicate cathode 
begins to sputter away. Sputtering of the hot cath 
odes in slimline lamps oceurs at operating a-c cur 
100 ma. Life at this and 
higher currents, nevertheless, is limited, largely be- 
cause of the sputtering of the active materials dur- 
ing the starting evele and their gradual evapora- 
tion from wherever the hot spot may be on the 
cathode. The automatic transfer of the hot spot to 
the most active place on the cathode, maintains the 
low cathode fall of the lamp until all of the active 
Voltage maintenance of hot cath- 
therefore, practically con- 


rents somewhere below 


material is spent 
ode slimline lamps is, 
stant to the end of life 
from 100 ma to more than 400 ma does not mate 
rially affect life, as partially indicated in Table I 
is the recommended maximum 
lamp, 


Increasing the current 


300 ma, however, 
operational current of any T-8 slimline 
because light output is not proportionately greater 
at higher currents 

The cathode fall of initially active cold cathodes 
used in slimline lamps is about 85 volts, which is 
well above the sputtering potential for the active 
materials on the surface of the cathode. Because 
electron emission is drawn from most of the active 
surface (except at very low currents), the sputter- 
ing of the active materials from cold cathodes is 
accompanied by a gradual rise in cathode fall, and 
consequent gradual rise in lamp voltage. Fig. 2 
shows the voltage rise versus burning hours for 120 
ma operation of slimline lamps having cold cath 
odes with initially active areas of 12.5 em*. Increas- 
ing the active cathode area to 15 em* and lowering 
lamp current to about 60 ma, practically eliminates 
all voltage rise to 10,000 hours (see Table II), pro- 
vided the filling gas pressure is 4.25 mm or higher, 


Effect of Current and Argon Pressure on Life 
for One 40-Lamp Test 


Slimline Hot Cathode 


TABLE I. 


Average Life—Hours* 


6.600 
8.2004 
10.0004 


10,0004 


“Test stopped at 
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violet emission at & maximum Low pressures give 

higher efficiency and easier starting, while higher 

pressures give longer burning life and better per 

cent lumen maintenance. The pressure of the gas 

= a PL . — in any slimline type of lamp is, therefore, a com- 

~ promise selected for the best over all lamp per- 

3 Sf / formance, as determined from long experience with 
a7 many types of fluorescent lamps 

| ae $ ne Both cold and hot cathode slimline lamps start as 

= cold cathodes; consequently, they have the same 

i | _— over-all starting voltage with equal filling pres 

sures. 750 volts was chosen as the open cireuit 


voltage of multiple ballasts for starting 96TS slim 


Figure 2. Cold cathode lamp volts during life. 96T8 lamps, line lamps filled with 3.5-4.25 mm of argon (600 


activated cold cathodes of 12.5 cm’ area. One 25-lamp volts for 72TS multiple ballasts At this voltage 

test with various argon filling pressures; lamps operated 96TS lamps start reliably provided adverse relative 
at 120 ma humidity effects? are nullified with some starting 

as explained later (perating these same lamps 

above 120 ma. precipitously increases the deteriora % RELATIVE HUMIDITY 

tion of the ithode, and appreciable voltage rises 40 60 60 100 

occur early in life as shown in Table II. All traces | Sten 

of the active materials are soon lost, the cathode / | 

fall rises well above the normal 165 volts for pure 


iron,’ and the iron sputters away until the lamp 
fails to operate from the overheating of some struc 
tural part 

Operational life of slimline lamps with cold cath 
odes is almost immeasurably long with low current 


operation ; even on 300 ma circuits it may take 5000 


VOLTS 


hours for the cathode to sputter away enough for 


the lamp to fail. Cold cathode la ws, therefore . 
fai ld ca lam} erefore, are ARGON FILL STARTING 
searcely affected by the number of starts and stay = PRESSURE Ald 
lighted until the steady depreciation of the light = A 6 wu NONE 
output, common to all fluorescent lamps, or the ” ) 42 NONE 
voltage rise, makes it advisable to replace them 400; METAL PLATE 
Table Il shows the relationship bet ween voltage e 6 STRIPE ON LAMP 
rise, burnout life and current operation of cold F 42 " «0 
cathode slimlines filled with 4.25 mm of argon 300+ aaa 
Filling Gas Pressure a — — 
Figure 3. Effect of relative humidity on average starting 
The purpose of argon filling-gas is to start the volts of 96T8 hot and cold cathode lamps with 6 and 4.2 
mercury discharge in the lamps and maintain ultra mm argon filling pressure. One test 


TABLE II. Effect of Current on Voltage Rise and Burnout Life for One 50-Lamp Test 
96T8 Cold Cathode Lamps 


Argon Filling Pressure 4.25 mm 
Activated Cold Cathodes of 15 cm- Area 


3,000 Hours 5,000 Hours 10,000 Hours 
Current Voltage Life — Voltage Life — Voltage © Life —% 
Ma of 100 Mrs. Survivors of 100 Mrs Survivors of 100 Ers. Survivors 
ae 
800 22 
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aid, such as a metal stripe on the lamp or a metal 
fixture running the length of the lamp as indicated 
in Fig. 3. Even with starting aids, higher filling 
pressures than 4.25 mm of argon are unsatisfactory 
because of the varying field voltage conditions and 
the spread in starting voltages found between in 
dividual lamps 

Table I shows the average life of one test of hot 
cathode slimline lamps filled with 3.5 mm of argon 
and operated at 50, 100 and 200 ma. The lamps 
used for this particular test had an operating cycle 
of 3 hours on and 20 minutes off, in order to in 
elude normal loss in life due to starting effects on 
the cathode. Also illustrated in Table I is the in 
erease in both life and current range for hot cath 
ode lamps having filling pressures above 3.5 mm, 
but at the expense of harder starting and lower 
initial efficiency 

Cold cathode lamps are similarly affected by fill 
ing gas pressures above 3.5 mm. Sputtering of the 
cathodes and subsequent voltage-rise characteristics 
are progressively reduced with higher filling pres 
sures as shown in Fig. 3; thus, extending current 
range and life. Slimline lamps having cold cath- 
odes of 15 em* active area and operated at 120 ma, 
however, must be filled with 7 mm or more of argon 
in order to effectively suppress voltage rises before 
10,000 burning hours are reached. Life to failure 
at these higher filling pressures is very long at 120 
ma. One test in the laboratory was carried to 25,000 
hours before it was stopped 


D.C Operation 


Quite a little interest has been shown for instant 
start 72TS slimline lamp operation on 600-volt d-c 
transportation circuits. Cold cathode lamps* are 
usually used for this service because the lamps on 


subway cars and trolley buses are subject to very 


OLOALES CENTIGAADE 


30 

Figure 4. Difference in a-c and d-c operating temperatures 
of cold cathodes in T-8 lamp. Argon filling pressure 4.25 
mm. One test on activated cold cathode of 15 cm? area. 
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3 
INCHES FROM END OF GLASS TUBE 
Figure 5. Bulb wall temperature distribution for T-8 
slimline lamps. 


frequent starting. In addition, the hot cathode con- 
struction does not have an over-all efficiency ad- 
vantage on d-e circuits. The difference between 
lamp operating voltage and supply voltage must be 
taken up in resistive ballasting; thus, the total 
wattage consumed at a given current is the same 
for either slimline type 

When operated on d-c, one electrode operates 
continuously for long periods of time instead of 
alternating with the other electrode each half cycle 
as is the case in a-c operation Thus, in effect, the 
current density at the cathode is greater, which re- 
sults in faster sputtering of the cathode and, subse- 
quently, shorter life. The effective increase in cur 
rent density on d-c also raises cathode and bulb 
wall temperatures, as shown in Figs. 4 and 5. Tem- 
perature readings shown in Fig. 4 were taken by 
means of a thermocouple attached to the cathode of 
an operating lamp, and indicate that operation at 
70 ma d-c is equivalent to 120 ma a-c, and that 
120 ma d-c is comparable to operation of something 
over 200 ma a-e. Life tests on 72T8 cold cathode 
slimline lamps confirm this point, indicating the 
lamps should not be operated at a current higher 
than 80 ma d-c, if performance is to be equal to 
that obtainable on 120 ma a-c 

Larger cathodes, now on trial, and filling pres- 
sures higher than those used in lamps for a-c serv- 
ice, of course, can increase life. Higher filling pres- 
sures, however, are not always practical for the 
72T8 lamps operated on 600-volt d-c circuits, be- 
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cause of starting difficulties in cold weather. Brief 
ly, the operating voltage of cold lamps (40°F and 
lower), is much higher than for lamps at 70°F, and 
may be very close to the low voltages commonly 
found at the ends of the 600-volt supplies and dur 
ing peak traffic load) Although the high voltage 
oscillatory kick from the d-c starting ballasts usu 
ally starts the lamps, the fixed resistance, in series 
with each lamp across the supply voltage, limits the 
current enough to prevent the lamps from warming 


quickly to useful brightness 


Lumens and Lumen Maintenance 


Lumens and lumen maintenance in the two cath 
ode types of slimline lamps, on a lumen per lighted 
foot basis, should be equal, if lamp making vari 
ables are present in the same amount and operating 
conditions similar. Total lumens from slimlines 
with the hot cathode construction should neverthe 
less be greater, because of the extra lighted end 
length, which in the 96TS lamp size should add 
about four per cent more lumens. Up to the pres 
ent, laboratory test data have shown hot cathode 
slimline lamps to have initial 100-hour lumen out 
puts consistently higher than can be accounted for 
by the extra light from the ends alone. In reitera 
tion, the major portion of this added variance in 
initial lumens between cold and hot cathode slim 
lines is probably due to the severer exhaust re 
quirements for the lamps having cold cathodes 
Exhaust processes are steadily improving, and it is 
reasonable to assume cold cathode slimline initial 
lumens will eventually be on a lumen per lighted 


foot par with the present hot cathode slimlines 


Cold cathode slimlines having lumen losses duc 
to the severer exhaust conditions, in general have 
had better per cent lumen maintenance values 
mean lumens, nevertheless, are still below those of 
the hot cathode slimlines for any equivalent time 
within the life range of the hot cathode lamps 
Comparison lumen depreciation curves on an abso 
lute lumen scale against hours life, indicate that 
the lamps with the better lumen maintenance, have 
lumen depreciation rates which asymtotically ap 
proach those from initially high lumen lamps 
Illustrated in Fig. 6 are the absolute lumen curves 
from a tvp. al comparison test of hot versus cold 
eathode slimline lamps, operated on multiple bal 
lasts with the primary voltages initially adjusted to 
give 120 ma lamp currents. Lamp measurements 
at photometry intervals also were made at 120 ma 
lamp current to compensate for the voltage rise of 
the cold cathode lamps. All of the lamps in this 
particular test were made from the same lot of 


phosphor coated, lehred bulbs in order to eliminate 
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Figure 6. Lumens versus burning hours from 96T8 4500 
white cold and hot cathode lamp test outlined in Table III. 


as many variables as possible before exhausting 
the lamps. Table III outlines the electrical, lumen 
and maintenance test data from which the curves 
in Fig. 4 were plotted. Note from Table III the 
6500/100 hour lumen maintenance of the cold cath- 
ode test lamps was seven per cent better than the 
hot cathode lamps, but that the 100-6500 hour mean 
lumens were approximately three per cent less 

The lumen results shown in Fig. 6 and Table III, 
on first thought, favor the slimlines with the hot 
cathodes by about four per cent, because of the 
extra lighted length. In this particular test, how- 
ever, there was a .75 mm higher filling-gas pressure 
in the cold cathode lamps which should have bene- 
fited their lumen maintenance. Data from several 
independent cold and hot cathode lamp tests have 
shown lumen maintenance to improve about three 
per cent per mm of argon filling-gas pressure at 
5,000 hours, in pressure ranges from 3 to 8 mm 

The inference was previously made that any volt 
age changes in cold cathode slimline lamps are re 


TABLE III.— Results from One 32-Lamp Comparison Test. 
Initial lumens, volts, watts, lumens per watt, and respec- 
tive maintenance values and mean lumens at 6500 hours 
from 96T8 4500 white hot and cold cathode lamps oper- 
ated on 120 ma ballasts, and measured at 120 ma. 


Burning Hot Cola of 
Hours Cathode Cathode mC 
‘ ‘ 91 
Lame 
Maintenar le 80 
Mean Lamens 100 1730 
Volw ! 32 590 122 
Volts 650 430 13 
Vol 
Maintenance 6500/1 101 
Watts 4500 ‘4 46 135 
Watt 
Maintenance 6500, 1 109 
LPW 100 66 7 
Lew 4500 35 73 
Lew 
Maintenance 6500, 104 73 
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% 120 MA LUMEN OUTPUT 


100 105 0 1s 120 125 130 
% OF INITIAL LAMP VOLTAGE 
Pigure 7. Lumen loss of cold cathode lamps operated on 
lag-lead ballasts, due to rise in lamp volts during life 


flected in the lumen output, if the lamps are oper 
ated on lag ballasts or on the lag circuit of lead-lag 
multiple ballasts with a fixed voltage input to the 
ballast. Unlike lead circuits, which maintain essen 
tially constant current for large variations in lamp 


voltage, lag lamp current or lumen output is nearly 
proportional to proportionate changes in lamp volt 
age. Fig. 7 shows the per cent of 120 ma lumen 
output of 96TS cold cathode lamps operated on 
lead-lag multiple ballasts, in relation to the per cent 
voltage rise of the lamps as measured at 120 ma 
Inasmuch as the cold cathode test lamps used for 
the lumen curve in Fig. 6 had an average voltage 
rise of 10 per cent at 6500 hours (see Table III 

and were operated on lead-lag ballasts, the realized 
average lumen output per cold cathode lamp in th.s 
test at 6500 hours was 1570 instead of 1625; thus 
lumen maintenance of the installation was 78 per 
cent and not SO per cent. Continued operation of 
this same cold cathode test installation beyond 6500 
hours, would gradually reduce the average lumen 
output another seven per cent due to lamp voltage 


rises alone 


Lumens per Watt 


In the introduction it was pointed out the basi 
wattage difference between hot and cold cathode 
slimline lamps is initially constant for any length 
of lamp, and that 96TS slimline watts are initially 
25 per cent higher for lamps having activated cold 
cathodes, than for lamps having activated hot cath 
odes. It should follow that initial lumens per watt 
are 25 per cent higher for 96TS8 hot cathode slim 
lines, and that this differential is maintained 
throughout the life of the lamps. There is, how 
ever, no perfect illustration of this constant lumen 
per watt differential between hot and cold cathode 
slimline lamps, unless, as shown in Table III, the 
cold cathode lamps have lower initial lumens and 
higher lumen maintenance than the hot cathode 
lamps to balance the rising wattage characteristic 
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of the cold cathode lamps. At 120 ma operation, 
the efficiency characteristics between hot and cold 
slimline lamps gradually diverge with life. This 
efficiency divergence with life increases sharply at 
higher currents, and decreases at lower ones. No 
extended efficiency comparisons at currents much 
below 100 ma can be made because of the rapid in 
crease in lamp failure of the hot cathode lamps 

The limitations in life of the hot cathode lamps 
at lower currents and on multi-start circuits at any 
current, compared to the long operational life of 
the cold cathode, may, for some lighting purposes, 
be more important than the lumen efficiency of the 
lamp itself. There is, therefore, a wide current 
range which can be served by either hot or cold 
cathode slimline lamps. Choice of cold or hot cath 
ode slimlines, nevertheless, should be made with 
these three things in mind: 


1. Lamp filling pressure is adjusted in both hot and cold 
eathode slimlines to give the best compromise between 
starting, efficiency and life and not life alone. 


2. Cold cathode slimline lamps have a rising voltage char 
acteristic during life, which increases rapidly with small 
increases in current operation. 

3. High per cent lumen maintenance is not necessarily a 
measure of high mean lumen efficiency for fluorescent 


The author wishes to thank many of the people 
at Nela Park, particularly Messrs. R. N. Thayer 
and A. C. Barr, for data and help in preparing this 


paper 
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DISCUSSION 


Rosext T. Corten*®: The results given im this paper are 
very interesting, but unfortunately they are not based on 


the standard cold cathode lamp of the Fluorescent Asso 
I 


elation a group which represents most all persons 
actively engaged in the manufacture and ipplieation of 
cold cathode 

The standard Fluorescent Lighting Association lamp 
approved by the American Standards Association is a 
6mm pressure lamp, while the report is based mainly on 
the 4.2mm lamp 

With regard to cold cathode lamp life from your 
data and on the basis of accepted practice of rating lamp 


President, Plucrescent Lighting Association. New Vork. N. ¥ 
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life then the life of a cold cathode lamp operating at 
I should like to 


point out that in normal commercial application this 


120 ma is in the order of 25,000 hours 


means eight years of service, which is in keeping with the 
actual on the job experience which we are getting 

In the past there has been a great deal of misunder 
standing im the lighting industry with regard to cold 
cathode lumen maintenance. It ww interesting to note that 
your test data indicates the per cent rate of lught loss for 
eold eathode is lew than that for hot cathode and at 6500 
hours of continuous operation the light output is only 
15 per cent less than the initial 100 hour rating regard 
leas of the number of starts 

Your figures on initial lamen output of the cold cath 
ode lamps differ from tests made by manufacturers of 
standard cold cathode lamps. The rated lumen output of 
120 ma, 93" lamp 4500° eold eathode is today 2150 
lumens 

Taking this new value, and the data given in Fig. 6, we 
would obtain from the cold cathode lan iu / lumene at 
the end of 6500 hours which wm above the average of 


the hot eathode during its life, and would be approxi 


is stall greater than the hot cathode at the end of life, or 
its 6500-hour value indicated on your chart 

With regard to lamp current and brightness, the cold 
eathode lamp has been leading the field as a low bright- 
ness souree. Your data substantiates our experience that 
the eold cathode lamp is an efficent low brightness 
souree, while hot cathode lamps operate more efficiently 
at higher eurrents and consequently with higher surface 
brightness. This means that the cold cathode lamp results 
in less reflected glare and higher luminaire efficiencies. 

In your paper vou note the difference in lumens per 
watt between hot and cold cathode fluorescent lamps 
This is somewhat misleading because the long life and 
consequent low maintenance eosts of cold cathode more 
than offset this wattage difference and result in a most 
economical lighting source 

In your conclusions you state that the choice between 
het and cold cathode lamps should be made with con 
sideration of the rising voltage characteristics of cold 
eathode during life. I do not see how this affects the 
problem of application or the selection of light souree 
used since transformers are designed with an ample volt- 


age safety factor to operate the cold eathode lamps dur- 


mately 0 lumens at the end of 13,000 hours which ing their entire life 


Relighting Program in Nashville, Tennessee School Rooms 


Twenty-eight Nashville, Tennessee schools now have ilumination levels of a reported 35 footcandles maintained 

average. E. L. Bickley, director of planning, maintenance and plant operation for the Nashville Board of Education 

reports their recently completed relighting program involved over 7000 two-lamp (40-watt) fluorescent units. The 

fixtures were so located in the room that an average maintained value of 35 ft-c was obtained from the two-row 

installation which normally delivers 30 ft-c. The outer row of fixtures was moved in two feet, giving a 10-ft spacing 

between rows, and utilizing the daylight present during the regular school hours. The average level in the 28 schools 
before relighting was estimated at 8 ft-c 
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Lighting Design for Night Driving 


HE AMOUNT of natural light available for 
seeing is continually changing throughout 
the day and night. As the daylight hours fade 
into evening, driving continues and we find the same 
vehicles, drivers, and roads as in the preceding 
daylight hours, but the driver’s visibility is cer 
As will be shown later, his 
This one 


variable of driver visibility is outstanding in its 


tainly not the same 
ability to see is very markedly reduced 


influence on the unsafe operation of motor vehicles 
Extensive accident records very clearly bear this 
out. It is necessary therefore for the illumination 
engineer to know the lighting requirements and to 
improve the night driving conditions in every way 
possible by designing adequate lighting equipment 
for vehicles, roadways and service facilities 

The driver's loss of visibility alone constitutes 
a major problem for the illumination engineer, but 
there are other factors that are perhaps equally 
important. The most important of these are the 
These fae 


tors are influenced to a large extent bv the glare 


factors of driver comfort and fatigue 


sources in the driver's field of view 

If adequate visibility distances and relief from 
glare are provided by proper illumination engi 
neering many economics and humanitarian gains 
are at once apparent. First, 


life and suffering due to injuries 


here is the saving of 
Second, there 
ean be a great saving in time due to fewer vehicles 
being tied up for repairs. Third, many problems of 
congestion and overloading of traffic facilities could 
be partially relieved by a more efficient 24-hour 
distribution of the traffic load. Fourth, it is well 
recognized that safe operating speeds are lower 
under conditions of reduced visibility and could be 
increased by lighting. Fifth, 
great savings in insurance premiums would result 
Improved illumination holds the key to the in- 


improvements in 


creased safe night use of highway facilities and 
offers the most effective and economical single solu 
tion to the over-all accident problem 


Specific Engineering Problems 

How do the illumination requirements for night 
driving differ from other illumination designs? We 
A paper presented at the National Technical Conference of the 
INuminating Engineering Society held September 20253 


French Lick. Indians Author. Associate Professor, University of 
California. Berkeley, Calif 
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Lighting Desian for Night Driving 


By D. M. FINCH 


What are the engineering problems associated 
with lighting for night driving? Are technical 
solutions available to meet the illumination re- 
quirements? In most cases the problems can be 
readily stated but the solutions are not always 
obvious. In the following discussion the basic 
requirements for seeing under night driving 
conditions are reviewed and some solutions to 
the problems are offered. 


find that in general the seeing requirements for 
night driving are fundamentally the same as in 
most other conventional tasks. However, the vari 
ables are in an entirely different range of values in 
night driving than in daytime driving. Thus many 
of the problems associated with motor vehicle light 
ing and roadway illumination appear to be unique 
It will be shown that the seeing conditions on the 
highways at night are among the most unsatisfac- 
tory and critical that an average person encounters 
during the course of routine living 

The seeing task is one of perceiving relatively 
large objects against a low brightness level back 
ground usually with very bright lights near the ob- 
ject. The particular ability required of the driver 
is a good form sense and good minimum perceptible 
contrast. This requirement is not generally recog- 
nized. Most tests of driver's vision are based upon 
visual acuity — that is, the resolution of detail at 
high levels of illumination. While visual acuity is 
important in both day and night operation of 
vehicles, it is of lesser importance at night 

bv Minimum Perceptible Contrast we mean the 
ability to distinguish a small brightness difference 
between an object and its background. In measur- 
ing this quantity, the size of the visual object in the 
field of view is usually taken larger than one degree 
of angle and therefore it fills the foveal region of 
the retina. The background is usually taken as a 
patch about 2 to 5 degrees in angle enclosing the 
The field that determines the adaptation 
level of the eve is generally taken as a solid angle 
of about 0.25 steradians (cone apex angle of about 
60°) that includes the object, background and re- 
mainder of the brightness patterns 
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Figure 1. Fixed lighting..East Shore Highway Berkeley. 
Calif Numbers are measured values of luminosity in 
The streaks are traces of 


(footlamberts) 
headlamps or tail lamps 


lumens ft 


Minimum Perceptible Contrast ww defined as: 


L.— Ls 


where L, is greater than Ly (la 


Ly 
or where Ly is greater than L lb 


Luminosity of the objeet (lumens, ft® 


footlamberts 


Ls Luminosity of the background (lumens /ft° 


footlamberts 


‘2. Luminosity of the adapting field (lumens 


ft? footlamberts 


Visual acuity is the term applied to the ability to 
distinguish detail, It generally indicates the small 
est object that can be definitely identified; for 
example, the ability to read letters correctly at 
specified distances and with a specified probabk 


error 


visual acuity 


minimum angle between two details 
that can be resolved by the eve. Ex 


pressed in minutes of angl 


Both minimum perceptible contrast and visual 
acuity are greatly affected by the level to which 


*In thie pape apreseed is umens f use 


imetead the prevalent Hrichtnees pre i 


lambe ts The luminosities are assumed to be from perfectly diffuse 


sources wo that / rh Brightness, neidered te hawe the 
single definition of jumin fua pe nit solid angle per anit ares 
of the © projected the viewing dire tion The unite 
Brightness are therefore lumens steradian ft? of candles in’ 
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Figure 2. Upper beam headlamps—roadway near Rich- 
mond, Calif. Numbers are measured values of luminosity 
in lumens ft’ (footlamberts). Roadway 40 feet wide. 
Surface grey concrete. Pedestrian 350 feet away. 


the eye is adapted. The eye sensitivity decreases 
with lower levels of adapting luminosity 

For example, let us consider the seeing tasks en- 
countered on the typical roadway scenes of Figs. 1 
2, and 3 and compare them to a typical interior 
seeing problem. Fig. 1 shows a fixed lighting in- 
stallation for a roadway. It is typical in that there 
are many glare sources and interfering lights 
Fig. 2 shows a typical roadway illuminated with 
the upper beam of a pair of sealed beam headlamps 
Fig. 3 shows the same roadway as Fig. 2 illumi- 
nated with the lower beam of sealed beam head- 
lamps 

In each of the seeing tasks it is first necessary to 
determine the adapting luminosity level of the eye. 


For the conditions shown in Fig 


] the adapting 


Figure 3. Lower beam headlamps—roadway near Rich- 
mond, Calif. Numbers are measured values of luminosity 
in lumens ft’ (footlamberts). Segmented grid has been 


superimposed to compute the surround factor, F.. 
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luminosity would have to be taken as a weighted 
average of the roadway and surrounding luminos- 
ities. We can take the value from the actual bright- 
ness measurements or from calculations based upon 
the illumination and reflection factors 

Suppose we use the following data: 


E,.. = average illumination on the roatway 

= approx. 1.0 lumens/ft? for Fig. 1. This is a 
very favorable value and higher than aver- 
age. 

= average diffuse reflection factor 

= approx. 0.10 (oil stained concrete) 
correction factor based upon relative areas 
of objects, background and _ surround 
brightness distributions, and glare sources 

= 0.80 (assumed for Fig. 1) See discussion 


p. 6. 
then 


Le = Pip Ese (approximate) 
= 0.80 « 0.101.0 = 0.08 lumens/ft? (3 
which agrees reasonably well with the aver- 
age of the measured values) 


At this adaptation level we can get an idea of the 
average minimum perceptible contrast by going to 
such data as is shown in Fig. 4. The curve for the 
data of Konig' is perhaps the most representative 
since these laboratory data were taken with an illu- 
minated background in a dark surround For the 
conditions existing in Fig, 1, Cui» is about 0.035 
This means that an average observer could detect 
a minimum brightness difference of about 3.5 per 
cent. This value is for an average observer for a 
probability slightly greater than chance when 
ample time is available to search out the test patch 
In other words he could correctly identify a bright 
ness difference of 3.5 per cent about 55 per cent of 
the time. 

For the conditions shown in Fig. 2 where the 


we 


PERCER TURE CONTRAST 


- 
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Pigure 4 Contrast sensitivity. 
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roadway is illuminated by the upper beam of the 
motor vehicle headlights, the adapting luminosity 
is determined by a much smaller area than Fig. 1. 
The correction factor to account for the surround, 
F,, is taken as 0.85 in this case. (See page 6 for 
method of determination.) To obtain the adapting 
luminosity we may either use direct field measure- 
ments or calculate an approximate value from the 
design data. As a first approximation the following 
calculations may be used 
The roadway illumination is given by : 


{ RF } 


(Distance 


E= Intensity cos 6 (4) 
Where: RF is a roughness factor to account for the 
large number of surface elements tha: are not 
parallel to the plane of the road. RF has been 
found to be about 5 for broomed concrete. The 
headlamp mounting height is assumed to be 2.5 
feet. The beam intensities are taken as design 
values. (From the SAE recommended practice for 
headlamps. ) 

So at 50 ft 


10,000 ACP * .05 


1.0 lumens/ ft? 
(50 ft)? 


At 100 ft 


40,000 .025 > 


0.5 lumens, ft® 
= (100)? 


At 200 ft 


50,000 .012 
(900)2 


E200 = 0.07 lumens / ft? 
If a weighted average for the roadway illumina- 
tion, E, in the central field of view is taken as 0.5 
lumens/ft? the adapting luminosity, L, 1s: 
L,=F,X EX = 0.85 05 « 0.10 
(5) 
0.042 lumens /ft? (ft-lamberts) 


At this level the minimum perceptible contrast 
(taken from Fig. 4) would be approximately 0.05, 
This means that the brightness difference between 
an object and its background must be at least 5 per 
cent in order for the person to detect the presence 
of the object under laboratory conditions The 
difficulties in seeing are therefore about twice as 
great as for the fixed lighting instajlation if 
threshold data are used as a basis of comparison, 

A typical interior room may be examined for 
Assume that the average 


and that 


comparison 4s follows 
illumination equals 20 lumens/ft® (ft-c 
the diffuse reflection factor of the walls end work- 
ing plane is about 0.5. Then the adapting lumi- 
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| 7 
nosity, L,, is approximately 0.75 « 20 « 0.5 


7.5 lumens/ft® (ft-l). The correction factor (F, 

is taken as 0.75 due to the usual brightness ratios 
Again from Fig. 4, but using 
curves (2 because of the lighter surrounds, 
Com is found to be approximately 0.01. For this 
case a brightness difference as small as one part in 
100 could be detected 
uated in terms of these threshold values of C,,,,, the 


and glare sources 


2) or (3 


If the ease of seeing is eval 


seeing in the interior would be approximately three 
times as good as the roadway with fixed lights and 
approximately five times as good as the roadway 
under high beam headlight illumination 

Visual acuity variations for adapting luminosi 
ties are shown in Fig. 5. For the conditions referred 
to above the visual acuities are approximately as 


shown below 


High Beam 
Headlights Lighted Typical 
on Roadway Roadway Room 
Pig. 2 Pig. 1 
Visual acuity 0.55 0.75 1.6 


0.6 minutes 
angle 


1.3 minutes 
angle 


Min. angle between 1.8 minutes 


two objects that angle 


could be resolved 


These results show that for ordinary night driving 
conditions we need very large objects for distinet 
seeing. Using typical fixed street lights we would 
need objects about two times as large as in a typical 
interior room and with headlights we would need 
objects about three times as large as in the room to 
The im 


portance of the visual acuity data might be ques- 


resolve the objects with equal certainty 


tioned in evaluating the roadway seeing task be 
cause the seeing of critical detail is not generally 
required at night. The practical situation is not 
this simple. We are used to seeing detail and rely 
upon the details of an object in order to recognize 


it quickly. At high levels of adapting luminosity 
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we do this readily but at the low levels encountered 
on the roadway we cannot resolve the details with 
ease. The fact that details cannot be readily re- 
solved at low levels makes the visibility actually 
worse than many test data indicate. It is not prac- 
tical to isolate minimum perceptible contrast and 
visual acuity in the night driving task and say 
that only the contrast is important because most 
of the critical objects are large 

The app ation of the minimum threshold data 
to another uf the roadway seeing tasks may also be 
instructive. Suppose there is a pedestrian on the 
We wish 
to know whether or not he can be seen by an aver- 
age driver and what the relative visibility would be 
for the fixed lighting installation compared to the 
ease where the illumination is produced solely by 


highway, similar to the one in Fig. 2 or 3 


automobile headlamps 

The problem is to first compute the actual con- 
trast under each lighting situation and compare 
it with the minimum perceptible contrast 

For the conditions shown in Fig. 1 for the fixed 
lighting installation, a pedestrian will be assumed 
and the following data will be used: 


1. A pedestrian is assumed in the outside lane approximately 
350 feet ahead of the car and is dressed in a gray suit 
having a reflectance factor of p 0.11 


2. The vertical illumination on the pedestrian is approxi 
mately the same as the horizontal illumination on the road 
and is taken as 0.05 lumens/ft? 


3. The average reflection factor of the roadway is taken as 
e = 0.10 and the luminosity is assumed to be uniform in the 
region of the pedestrian. 


4. The eye adaptation level for the roadway is taken as the 
previously calculated value of 0.08 lumens, ft? 


5. A surround factor, F,, to account for the glare sources, 
distracting sources, and non uniform brightness patterns is 
taken as 0.80. The method of determining this factor is 
shown on page 6. 


The actual available contrast for the pedestrian 
on the lighted roadway may be calculated from the 
following equation 


Ped. luminosity — roadway 


background luminosity 
=F, x (6) 
roadway background 


luminosity 


Contrast 


background luminosity is taken 
total angle around the object. 


where: roadway 
within a cone of 2 


0.05 
- 0.80 


In this assumed case the available contrast is 
0.08, whereas the minimum perceptible contrast 
from the previous calculations is noted to be 0.03. 


0.11 — 0.05 0.10 
0.05 «0.10 


=008 
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Therefore, the pedestrian is above threshold. In 
this case the object could be seen by an average 
observer concentrating on the task and knowing 
that it was present. The conditions would not be 
adequate for good seeing 

For the ease shown in Fig. 2, the pedestrian is 
350 feet ahead of the vehicle and is illuminated by 
the upper beam of sealed beam headlamps Several 
actual luminosities for the scene are shown on the 
photograph. These data are used directly to deter 
mine the contrast or the design data for the head 


lamps and roadway which could have been used. At 
350 feet the pedestrian would not be in the high in- 
tensity portion of the beam of properly adjusted 
headlamps but the Uniform Vehicle Code specifies 
that pedestrians and objects shall be visible at this 


distance. Using the field data shown and the previ 


ous equation the actual available contrast is: 


_. 0.012 — 0.011 
C = 0.85 — 
0.012 


= 0.07 

The threshold contrast for this situation was 
shown to be about 0.05 so that the task of seeing the 
pedestrian in Fig. 2 is a very difficult one 

For the case shown in Fig. 3 where the pedes 
trian is at a distance of 100 feet and is illuminated 
by the lower beam of sealed beam headlamps the 
main portion of the beam can only strike the lower 
12 to 15 inches of his trouser legs. In this scene we 
have the foreground at relatively high luminosity 
but only a small part of the object at a reasonable 
luminosity. The remainder of the field tapers off 
to very low levels and blends together in a pattern 
of gradual contrasts. This does not make for good 
brightness discrimination. The brightness patterns 
are the same as in the technique that is applied in 
camouflage. The surround factor, F,, in this case 
was calculated to be 0.80 

The field data on luminosities give the following 


actual contrasts: 
11 — 0.06 
( lower lege 0.36 


waist 


.035 — .03 

— 0.80 « 0.11 
O35 

The average adaptation level for this scene has 
been shown to have a threshold contrast of approxi- 
mately 0.06. The pedestrian’s lower legs are there 
for substantially above the threshold and should be 
readily visible. The upper portions of the man are 
close to the minimum perceptible contrast and are 


not readily seen 


1950 
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Figure 6. Time for dark adaptation. 


The effect of higher reflection factors is very 
apparent in Fig. 3 as indicated by appearance of 
the white shirt collar and specular reflections from 
the eye glasses. The reason for recommending 
lighter colored materials for clothing and roadway 
obstacles is clearly shown 

The foregoing discussion of the threshold seeing 
sensitivity and 
Many of the details 
have been omitted because the basic data are not 


conditions based upon contrast 


visual acuity is very general 
sufficiently complete. It has been necessary to use 
research data that were taken in a laboratory under 
controlled conditions and extend this data to cover 
the field conditions that prevail at night upon a 
highway. Such an extension is not entirely valid. 
The data that have been used do not include the 
known effects of silhouette seeing with reversed 
contrast, specular reflections from the objects in 
the field of view, non-uniform brightness patterns, 
color contrasts, the effect of motion and time avail- 
able for seeing, the size of the sources and objects, 
and many of the psychological factors related to 
concentration, attention, experience, and mental 
capacity 

Furthermore, all of the contrast sensitivity and 
visual acuity data refer to threshold levels. It is 
not sufficient to use threshold levels for design inas- 
much as the seeing conditions should not be eom. 
parable to ‘‘ just barely seeing,’’ but should permit 
‘seeing with ease.’ The data shown may be used 
as a guide for checking existing installations but 


should not be relied upon for design purposes un 
less substantial safety factors are applied as sug- 
gested in the discussion on page 9 

Seeing at low levels involves the factor of time 
This is 
particularly true of the time required to reach a 


to much greater extent than at high levels 


steady state adaptation level. The curves of Fig. 6 
show some laboratory data® for the time to become 


dark adapted for the foveal and parafoveal regions 
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of the retina. The adaptation rate is rapid in gomg 
from dark to light but ws quite slow in going from 
livht to dark \s 


about one minute to change the foveal adaptation 


hown in the figure it will take 


from a luminosity of 0.04 to 0.001 lumens/ft? and 
hange the adaptation of the 


about two minutes to 


parafoveal region by the same amount These 


changes are continuously being made by a driver's 
eves at night \t the speeds that are being used in 
driving the time available for seeing any particular 
object is very much less than the adaptation time 


required to change from one level to another, there 
fore. in general the eve is not functioning at the 
maximum sensitivity that would obtain if the same 
seeing task were observed from 
Because 


tor of at least two is suggested for this variable 


a stationary car 
of the limited time for seeing, a safety fa: 
alone and should be applied to the minimum per 
eptible contrast determined by a laboratory ex 
The effect of time has been studied for actual 
conditions to determine the beam candle 
power required for seeing. Fig. 7 shows the results 
of one study.* In this ease the car speed was varied 
from 25 to 65 mph. and actual visibility distances 
or a dummy pedestrian were determined by a 


f Car speed and time have a 


observers 


direct correlation. It mav be noted that for a given 


beat indlepower the visibility distance decreases 
appreciably with speed (Fig. Ta). The converse is 
also clearly shown: For a constant visibility dis 
tan more candlepower is required at high speed 
than at low speed (Fig. 7b 


\nother important factor in night driving is the 


effect of clare sources in reducing visibility. Again 

the inv laberatory researches on this subject 

may be applied to the night driving task. It is 
the field of 


ing 


minimum 
rast and visual acuity 

presence of glare sources in 
effect of the 


the field of view and to evaluate the 


Vighkt Drewng 


Finch 


variations in the brightness patterns, a surround 
factor, F,, may be computed from the physical data 
available. The surround factor, F,, has been intro- 
duced previously into the determinations of thresh- 
old seeing. From laboratory experiments* ° it has 
been found that the important variables associated 
with F, are: (1) the illumination at the eye from 
glare source, (2) the angle of each source to the 
the background brightness im 
the pat 


line of sight, (3 
mediately adjacent to the object, and (4 
tern of the surround brightnesses 

These variables have been related empirically to 
a single variable, the glare factor, Q. The surround 
factor can be found using the curve for glare 
factor, Q, vs surround factor, F,, shown in Fig. § 

It has been found that the best seeing conditions 
exist when the luminosity of the entire surround 
is approximately equal to that of the background 
If the surround is either brighter or darker than 
contrast 1s 
factor, F,, 


the background of the object a larger 
required to detect a given object. The 
is associated with brightness discriminations only 
and does not evaluate the discomfort aspects of 
glare sources 

The general form of the empirical formula for 
the glare factor is 

ME, 


tlp 7) 
x" Le 


where Qp glare factor for a point source 


upon the task, 
For the roadway 
headlamps® 


constant depending 
and the units used 
scene without 
87.5 


E, illumination at eve due to 


opposing 


glare 


source (lumens, ft* Assumed to be 


produced by a point source 


2 = angle to line of sight (degrees 
* = empirical exponent 3/2 


Refer to discussion for explanation 
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Figure 9. Glare factor for roadway. 


Ly» = luminosity of background of object 
taken as the average within a small 
total angle (2°) around the object 
lumens /ft* 


If the source is the roadway as in Fig. 9 and is 
large then 


E, / B COS adw 


where: B is the brightness of the source in lumens 


steradian ft- 


solid angle of source at the eve 


Boosada 
So then - 
Le o 23 ‘2 
glare factor for a surface source 
be evaluated by expressing 
Referring to 


where: Q, 

The integral may 
all the variables as functions of 2 
Fig 9 


(10) 


M, 2nBsinacosada 
Q, / 


Ls 


a, 23/2 
where Q, is the glare factor for a pavement surface 


formed by taking concentric rings around the 
object 
may be assumed con- 


Also if B is 


If 2, — is small, 2,,,"? 


stant and placed outside the integral 


assumed constant between a, to 2», 
B = const 


this quantity can be placed outside the integral 
Making the above substitutions and integrating 


we get 


sin? 2] (11) 


for a circular ring projected around the object 
The over-all glare factor for the entire scene is 


4 (12) 


These calculations may be made for the roadway 
scenes shown in Figs. 1, 2, and 3. For example the 
following analysis has been made of Fig. 3 to ob- 
tain the surround factor F, 

The roadway scene may be divided into segments 

of annular rings as shown in Fig. 3. Equation (11) 
may then be applied as follows Each annular ring 
is divided into 18° segments (Col. 9) 
Using the segment coefficient AK (column 9) for 
each zone we compute the quantities (K 
Liegwent). Then add up all values of K & L for the 
scene 


TABLE IL. 


sin’ 2, 


0 00001 


09043 
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sin 2 MA etn’ 2 


(col. 6 — 5) 


190 « (8) x 
(18 segments) 


00216 
00167 
00120 
0231 
0195 
00173 


00156 
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a5 8.95 0.00122 0.00273 0151 
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e 4.5 9.56 00497 176 
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Figure 10. Glare factor for approaching car 


by experiments made with actual vehicles on typi- 
eal roadways* Some of the data are shown in 
Table II for the effect of a single pair of headlights 


For Fig 3 approaching an observer on an otherwise un- 

; onto traveled 2-lane highway. As shown in Table II, 

YK x the clear road visibility distance is rapidly reduced 

with increasing glare candlepower. If the glare 


@° — 3° eandlepower is 3000 acp, the normal visibility is 
reduced by 50 per cent. This approximately checks 
the previous calculations of 60 per cent reduction 
XL — for the assumed conditions If the glare candle- 

Ibe 0.05 power is 8000 aep which is the legal limit for sealed 


beam upper beams the clear road visibility is re- 


Also Ly = 0.05 lumens ft? 


Then from Fig & using Q, — 0.15 


duced by about 70 per cent 


F, = 0.80 (numeric Indicates a visual efficiency 


Another interesting point relative to glare may 
be noted at this point. The maximum reduction in 
visibility is known to occur when a pedestrian is 


of 80 per cent 


In the above instance the glare factor, (2. is less 


than one and the surround factor, F,, is not ab 


directly opposite a glare source. This is due to the 


normally low loss of silhouette seeing as well as the reduction in 


visibility due to the glare source. For a typical 
roadway condition, the clear road visibility distance 
of 400 feet was reduced to 125 feet because of glare 
from headlights. After the glare car passed, the 
recovery time was a matter of several seconds 


Now consider the effect of very bright sources 


superimposed upon this seene such as the head 


lamps of an approaching car. For the situation 


assumed in Fig. 10 with the glare car 300 feet 


‘ . which at 50 miles per hour represented several hun- 
é 2 dred feet of travel 
E 1, cosa Another of the important factors in night visibil 
™ Pe ity is essentially psychological in nature and may 
pn .. is approximately 3000 aep and 1] 4° be termed an attention or consciousness factor. Ex- 


tensive measurements were made by Roper* to 


Then Q am _— : 1.96 evaluate the safety factor that should be designed 


into motor vehicle lighting in order to compensate 


¢ 
and similarly for the lack of attention and other diversions that 
Q, 146 oceur to distract a driver and thereby effectively 
from previous calculation 
42, O15 
So 42 over-all O15 + 1.96 4+ 1.46 — 3.57 
The single glare car seriously reduces the sur 
factor | 
round factor and causes a very substantial decrease . } 
in visibility. In this assumed case the reduction iv j | 
visibility would be approximately 60 per cent. The . J 
ealculations for such situations have been checked 


. 
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A 
- TABLE II. 
= Reduction of Visibility Distance 4 
J Glare Toward Bye Due to Glare 
emt) 
& 
‘ 
Pe, 
. 
is 


reduce his visibility distance. Laboratory experi- 
ments have shown that an observer has greater 
power to discriminate brightnesses or detail if he 
is concentrating on a seeing task than by inatten 
tive observation. It is the inattentive condition that 
normally exists on the highways. By ingenious 
techniques Roper was able to obtain visibility dis- 
tances for dummy pedestrians using unsuspecting 
observers. This was accomplished while the ob- 
servers were ostensibly evaluating special head- 
These data are shown in Fig. 11 
They show that when not 


lighting systems 
and are most instructive 
expecting an obstacle, most observers have only 
about one-half of the visibility distance that they 
have if the object is known to be present, conse 
quently another safety factor of at least two should 
be applied to take care of the inattention factor 

A discussion of the factors involving visibility 
alone is not generally sufficient. The aspects of 
comfort and fatigue are as important to many 
drivers as is good visibility In fact, the accident 
reports that are available show that visibility, see- 
ing comfort and visual fatigue cannot be separated 

Certain studies’ * have been made to attempt to 
elassify sensations to glaring lights in order to 
broadly define the limits of comfortable, objection- 
able and intolerable brightnesses in the field of 
view. Holladay’ has done a great deal of laboratory 
work covering the basic relationships. The writer*® 
has extended the investigation to include several 
particular highway conditions. The Holladay data 
have been reduced to the empirical formula: 


log K = log L, 4-0. 25logQ—0.30logL, (13) 


Where: A is a number assigned to the sensation of 
a glare source in the line of sight. 


L, is the luminosity of the glare source that 
is directly in the line of sight. (lumens/ft*) 


Q is the solid angle subtended by the glare 
source at the eye. (steradians) 


L, is the adapting luminosity of the entire 
field of view. (lumens/ft*) 


If the glare source is not directly in the line of 
sight, the effect of the angle should be included* 
but in the roadway case the angle at the discomfort 
distance usually need not be considered since the 
glare sources are several hundred feet away and 
separated from the line of sight by only a few feet 
For the laboratory conditions used by Holladay, 
the following values of K are given: 


1.9 boundary between comfort and discomfort 


2.2 perceptibly uncomfortable 


JUNE 1950 


2.4 uncomfortable 
2.6 between objectionable and intolerable 
2.8 irritating and painful 

The field conditions used by the writer* consisted 
of an observer car and a glare car on a straight 
two-lane concrete road without other traffic, #.¢., 
The following average data 
intolerable 


only one glare car 

were obtained for objectionable and 

glare 

Intolerable 
glare 


lilumination at observer's 0.112.056 
eyes lumens/ft? lumens/ft? 


426 ft 


Obdjection- 
able glare 


0.018.008 


Distance to glare car (us 1040 ft 
ing 20,000 aep beam 


Distance to glare car (us 1640 ft 


ing 50,000 aep beam 
If the above data are used in equation (13) and converted 
to the equivalent test conditions used in Holladay’s experi- 
ments, the values of A for objectionable and intolerable 
giare are as follows: 

K (objectionable) 2.38 


data by Finch 
K (intolerable) = 3.16 *™™ 


It may be noted that the value of K for objec- 
tionable glare by Finch falls between what Holla- 
day classifies as perceptibly uncomfortable and un- 
comfortable. The K value by Finch for intolerable 
glare falls slightly above the last classification of 
irritating and painful. It is believed that the limits 
set by the writer for illumination at the eye are 
reasonable for the test conditions used and may be 
taken as a guide for design until more data become 
available. 

The evaluation of fatigue has never been satis- 
factorily accomplished for roadway driving condi- 
tions even though many attempts have been made 
to find a good technique. Several techniques are 
available for laboratory studies® but they have not 
been used for field studies of driving tasks as far 
as the writer is aware. Among the quantities mea- 
sured in the laboratory and correlated with fatigue 


are 


1, The decrease in the heart rate after exposure to vari 


ous lighting environments. 
2. The decrease in the convergence reserve of eye muscles 


after exposure to seeing tasks — particularly reading. 


3. The increase in muscular tension after a certain time 
under controlied lighting. There are many variations of 
this scheme. 

4. The increase in the rate of blinking under conditions 


causing eye strain. 


These quantities can be used to measure fatigue 
for the conditions of the specific test but their cor- 
relation with night driving remains to be clarified. 
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The night driving problem has been considered 
to be one of the perfect engineering problems be 
eause of the conflicting requirements. If one pro 
vides reasonably adequate visibility for the driver 
using conventional headlamps, it is not possible to 
If the 
emphasis is on glare reduction the beam distribu 
tion not 


avoid glare for an approaching driver 
adequate for the driver behind the 
lights 

This leads to a seemingly impossible design prob 
lem. No solution has been found vet that will satis 
fy all of the of the 
emphasis has been on providing reasonable visibil 
ity for the driver behind the wheel with the dis 


requirements. So far most 


comfort aspects of glare receiving secondary con 
sideration 

Any lighting design based upon visibility eri 
teria should have a reasonable safety factor in 
eluded to insure easy seeing of roadway obstacles 
In the foregoing discussion it has been shown how 
the threshold seeing data can be used for design 
The 


following factors are recommended for design use 


but threshold conditions are not adequate 


to be applied to the threshold seeing data 


Variables Safety Factor 
contrast senmitivity 
and Viewal aeuity \ 
time for adaptation } 
time for reactor \ 
mattention > 4 
surround glare sources 
without high brightness / 1.25 
pont acources \ 
The over-all safety factor should be approxi 
mately 
Safety Factor 125 Ww 


This implies that actual contrasts and sizes of 
objects should be about 10 times greater than the 
minimum perceptible values 

The very large effect on visibility produced by 


small bright sources in the field of view suggests 


that such sources should be entirely eliminated 
wherever possible’ Many roadway lighting installa 
tions could be designed to avoid direct glare 
SOUTCEeS Modern safet livhting techniques show 


this trend with their hich mounting and shielding 


In considering the present problem there at 


pears 


to be a number of things that can be done to par 
alleviate the verv poor seeimge conditions on 


ur roadways at night \ list of such things would 


ime 
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1. Require the servicing and maintenance of the lighting 
equipment on existing vehicles. Surveys in California show 
that well over 25 per cent of the vehicles have lighting 
deficiencies. 

2. Hold night driving speeds to a minimum. If possible, 
enforce lower nighttime limite than daytime limits. 

3. Increase the visibility of all roadway obstacles, abut 
ments, curbs, ete. by using white concrete and white paint 
wherever possible. 

4. Reflectorize all possible obstacles with reflex buttons, 
surface material» or beaded paint 

5. Illuminate as many intersections and known hazards as 
possible using fixed lighting equipment 

6. Use lights of distinctive color such as sodium vapor 
lamps at known danger spots such as railroad crossings, 
The effectiveness of this tech- 
nique has been clearly proved by installations at over 100 
locations in the Los Angeles area. 


complex intersections, ete. 


7. Provide safety lighting on as many miles of highway as 
is physically possible. Modern techniques and sources should 
be used to provide an average illumination of at least 1.0 
lumen/ft? without direct glare with a distribution that will 
result in uniform pavement brightness. 

8%. Use separated roadways for opposing directions of traffic 
This will inerease the angle of the glare 
sources to the line of sight. Physical barricades such as 
hedges and shrubs should be planted in the medial strip. 


wherever possible 


0. The roadway surfaces should have as high a reflection 
Occasional daylight glare should be 
tolerated in favor of better nighttime visibility. 


factor as possible 


10. Drivers should be encouraged to use good seeing habits 
For example, a driver should not look directly at an ap 
proaching headlight; he should fixate at a point as far to 
the right as he can. The driver should control his dash and 
nterior lights to eliminate bright glare sources 

11. Pedestrians should be encouraged to wear light clothing. 
12. Drivers should not be encouraged by misleading infor 
mation to wear tinted glasses or have fixed visors in their 


field of view for night driving 
In addition to these immediate steps there are 
some future developments that may be considered 


Such 
highways will have most of the established physical elements 


|. Improved highways are being rapidly introduced 


for safe operation. In most cases lighting is one of the last 
onsiderations whereas based upon the records and the need 
t should have equal status with elimination of grade cross 
ngs, limiting the access and others. Several new lighting 
lesigns for streets and highways are on the drawing boards. 
These are based upon the design features of uniform pave 


nent brightness and the elimination of direet glare. 


2. Improved vehicle safety equipment is continually in the 
development stage The new features that are particularly 
interesting in the imination field are 
4. greater window area 

umproved window cleaners and washers 


heated windshields (electri 


{. fluorescent dash lights 
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*. unproved voltage control (a-¢ systems 
nprove ectr signal svetemes \ 


3. There is a possibility that polarizea hghting may be de 
veloped for automobile headlighting. This possible solution 
does not appear to be as likely as had been hoped for. Re 
cent studies seem to indicate that the system will not be 
adopted in its present form 

Its future application to motor vehicles seems to offer 
one reasonable solution to the night driving problem. At 
present the technical difficulties have not been npletely 
solved. There are also many economic and legal barriers 
to be eliminated before the use of this system may be con 
sidered. It is not clear at present whether or not the scheme 
will materialize into a practical system 


It is hoped that this diseussion has provoked 
some serious thought about ‘‘Lighting Design for 
Night Driving.’’ This subject is one that can offer 
more in the way of traffe safety than any other 
single measure 
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DISCUSSION 

F. D. Crowtner*: Professor Finch is w be 
commenaed tor his contribution to the evaluation of 
the seeing task on streets and highways at night. Many 
of the practitioners of street and highway lighting who 
base their practice on combined opinion evaluation and 
on practical experience will weleome the highly the 
oretical approach made by Professor Fineh. The paper 
shows an excellent understanding of the factors in 
volved in providing the required improvement in night 
driving conditions on our streets and highways. He 
has quite properly brought out the distinction between 
lighting for visibility and design for minimum driver 
fatigue and discomfort. 

Obviously, we cannot design street and highway light 
ing by making individual computations for each street 
as was done by Professor Finch. When we consider the 
required factor of safety of 10 or more above threshold 
or minimum, it 1s apparent that empirical solutions are 
more realistic. However, to first arrive at a datum 
plane to which we can relate our empirical formulas 
we must have studies such as this. My recommenda 
tion to each of us interested in this field of illumination 
is that we give sober thought to Professor Finch’s 
paner and that we not only read it but that we study it 
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until we understand what it says and then we read all 
the bibliographical references. This alone would con- 
tnbute much toward our understanding of the problems. 

Now, | have some specifie questions to ask Professor 
Finch in regard to his paper. In the example used as 
Fig. 1, would not the fixed lighting have shown in even 
more favorable contrast to the headlighting if an ex- 
ample were used with the fixed sources located on the 
outside of the pavement?’ Such location would have 
materially inereased the pavement brightness, or lami. 
nosity as Professor Finch terms it, behind the object, 
or, in other words, would materially increase the bright- 
ness contrast. 

In the formula for luminosity of the adapting field 


given on the third page of the paper, am I correct that 


this assumes uniform diffusion of the reflecting surface 
at all viewing angles? With the effectiveness of high 
angle candlepower it seems there should be a factor 


included for specularity of the pavement surface, 

The meagre data available as to the effect of specu- 
larity on pavement brightness under the two systems of 
lighting, overhead fixed lighting as compared with head- 
lighting, may justify the use of an average diffuse 
reflection factor in the formula used by Professor 
Finch. However, it may be desirable to bring out the 
fact that in streetlighting the specularity, or sheen of 
existing pavement surfaces, is utilized by directing 
light flux toward the motorist. The brightness of pave 
ment between the luminaire and the observer is higher 
than that of the pavement beyond the luminaire. In 
headlighting, the specularity of the pavement surface 
reflects light flux away from the motorist. 

In reading the paper, | had noted a few variables not 
mentioned which would alter laboratory data, such as 
absorption of ear windshields, dirt on windshields, in- 
terference from light sourees on the automobile instru- 
ment panel, interference from hood reflections, and 
interference from reflections from the windshield from 
light flux entering through the rear window, but in the 
summary of solutions, it is obvious that Professor 
Finch has considered these factors 

| hope this paper will stimulate other studies to ex 
pand on this excellent work. The evaluation of seeing 
tasks in interiors has progressed far beyond that for 
streets and highways. The continuation of this study 
would be an excellent assignment for the LE.S. Re 
search Fund. 

The Luckiesh-Guth paper’ suggests a course of in 
vestigation to extend that of Professor Finch, by using 
lower background brightness levels with multiple 
sources of varying brightness located on only one side 
of the point of fixation. Such data, if available, could 
easily be resolved into practical value to determine the 
maximum brightness levels of street lighting secondary 
eourees at varying mounting heights in relation to the 
motorist observer. Such data would be of value to the 


progress of street lighting for comfortable seeing 


F. D. Wvartr*: I would first like to commend Profes- 
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sor Finch tor his courage in writing a paper encom 
passing the fields of highway lighting, veiling glare, and 
driver's reactions. These are subjects on which a great 
deal of work has been done and on which more explora 
tion w= needed. Professor Finch’s studies should make a 
weleome addition to the knowledge im this fleld 

There are a few parts of the paper on which further 
elarifieation by the author might be desirable 

Two methods of lighting are compared: fixed light 
without 


(in the 


ing and headlight lighting, both with and 


interfering glare from headlights of other cars 


fifth page, the 


silhouette seeing have not been considered It is gen 


statement is made that the effects of 


erally beheved that at low levels, silhouette vision is 
more effective than direct vision. However, in Fig. 4, 
silhouette vision is given a 2 to 1 advantage over direct 
vision (licht surround vs dark surround). As these 
two curves come from different sources which are 26 
years apart, | would like to ask if comparable data 
might not be secured to give more accurate information 
on this point 

(in the third page, a pavement reflection factor of 10 
per cent is used for both fixed lighting and headlight 
lighting. Experience shows that the pavement reflection 
factor is higher with fixed lighting than for headlight 
lighting, especially with a continuous row of fixed 
street lights as shown in Fig. 1. The econelusion (on the 
third page) as to the relative value of the two types 
of lighting compared would be modified by this corree 
tron, 

On the fourth page, Fig. 5, it would be desirable to 
define LS which is assumed to represent luminosity of 
the surround 

In equation 7, the quantity M is used. It would be 
well to show how this was derived 

A number of typographical errors oecur in Table I, 
which should be corrected before the final printing 

In Fig. 10, some error appears in the caleulation. We 


find: 


x, 2 

2» 

E, 
Qy, = 4.20 
Qa, = 3.14 


(2 overall 7.49 
Reduction in visthility 80% 


F, 20 


The need of a safety factor of ten for the variables 
listed indicates that human vision and reactions can 
not vet be stated by precise formulae 

The paper ends with a very excellent list of 15 ree 
ommendations for improved night visibility and hence 
a reduced night accident rate. To this list I would sng 
gest two additional items 

Filiminate drunken drivers from the highwaye by legal definition 
and enforcement 
8 Secure enforcement 


traf regulations 


If all of the objectives are attained, it would be ex 


pected that large reductions e nught hichwav acei 


dent rate would be cained I fear that results will be 
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secured only after a long and paintul education of the 
general public 
Further studies of the type presented by Professor 


Finch should be very definitely encouraged 


Wittarp C, Brows*: I feel that I can quality as a 
diseussor of this subject not only from my past experi 
ence in this field but from a practical standpoint: be- 
eause I drive upward of 6,000 miles each year at might 
much of this eross-country. So I have been par 
ticularly interested in Professor Finch’s well-organized 
analysis of the factors affecting the headlighting prob- 
lem. He is bold in his integration of theoretical and 
empirical data with test work on the road by himself 
and others. We need more of this 
The author speaks of the need for the driver at night 
. that is, the 


ability to make out unknown and unanticipated objects, 


having a well developed “form sense”. 


at very low brightness contrasts, and to do this in a 
To my mind, with our present headlight- 
ing, this ability marks the difference between the 
skilled and safe night driver and the average driver 
who sooner or later runs into trouble. The former picks 
“shadows,” 


split second 


up all sorts of vague, difficult-to-identify 
and acts on them instantly; whereas the latter does not 
notice them at all until it may be too late 

Professor Finch says that at 350 feet, with the upper 
beam, a pedestrian would not be in the high-intensity 
portion of the beam. Perhaps the roads are smoother 
in California, but I submit that at normal speeds on 
a road anywhere in the East, the normal bouncing of 
the car and the consequent up and down movement 
of the high-intensity portion of the beam do cause it to 
strike the pedestrian. Henee, Professor Finch’s point 
strikes me as being on the conservative side. But his 
treatment helps to emphasize the fact that at best 
conditions are far from satisfactory. 

I do not think we have to measure fatigue caused by 
dificult seeing conditions to prove its presence. Just 
make a night drive under conditions when seeing is 
very difficult ... say, with light rain and traces of fog 

and see how you grip the wheel tighter and tighter, 
see how soon you tire. But I agree that quantitative data 
would be helpful, and would perhaps direct more atten- 
tion to this part of the problem 


Under recommendations for future developments 
Professor Finch mentions “improved sealed-beam head- 
lamps designed around a more satisfactory lower 


beam.” I assume that this more satisfactory lower 
beam is one which provides increased seeing distances, 
with preferably less glare than at present. Unless 
means can be found to insure exact aiming of all head 
lamps, any increase in the lower beam ecandlepower di 
rected near the horizontal (which is necessary for 
added seeing distance) will surely result in inereased 
rlare to approaching drivers. And even with exact aim- 
ing, a distribution of this type (with more candlepower 
at or near the horizontal) will cause additional glare on 
rough or rolling roads and on curves 


Some reduction in glare for perhaps 50 feet or so 
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before meeting could be effected if the direct filament 
eandlepower were shielded—such as by a non-reflecting 
shield on the end of the bulb or by a non-reflecting cap 
over the filament in the case of the all-glass sealed- 
beam units. 

My observation has been that what we would like, i: 
our own case, is about the equivalent of the upper 
beams from two pairs of sealed-beam headlamps. Twice 
what we have now. Yet we would like to have the ap 
proaching driver use the equivalent of parking lights 
Short of something like polarized headlighting, there 
seems to be no practical means of accomplishing such 
an ideal objective. But that is another story. 

In the meantime it appears that the best we can do 
to help improve matters is by following the list of 
twelve suggestions made by Professor Finch to which 
I might suggest one more that he no doubt considers 
obvious, viz; always use the lower beam when meeting 
other vehicles. This practice would be further en 
couraged if the car manufacturers were to improve the 
present upper beam indicators 


J. W. Arcu Bottone®: This author poses the question 
“What are the engineering problems associated with 
lighting for night driving and the technical solutions 
available to meet these specific requirements?” The 
basic requirements for seeing under night driving con 
ditions are reviewed and some solutions offered, starting 
out with an analysis of the existing roadway bright 
ness and its patterns. 

The author gives six apparent gains from an eco 
nomie and publie-safety standpoint, as follows 

Prevents night fatalities and injuries 

Timing saving, due to less property damage 

Congestion relieved by 24-hour distribution of traffic load 

Safe speeds can be increased 

Insurance rates will be lowered 

Most effective and economic single solution to the overall accident 
problem 

Three typical situations are set up for comparison 
purposes, namely 
1 A typical highway with fixed luminaires 
2 An unlighted highway lighted by upper beam of « sealed bean 
headlight 
3. The interior of a typical room 

The statement is made that the data presented does 
not include the known effects of reversed silhouette, 
specular reflections from objects, size of obj ects, ete 

Under solutions, the statement is made, first, that if 
adequate visibility is provided by headlights, then glare 
is produced for the approaching driver, and second 
that a safety factor of ten should be used in modern 
street lighting design 

Not being an ophthalmologist dealing with the science 
and treatment of the structure and functions of the 
eve, it would be presumptuous on my part to diseuss 
these features of this very fine paper. As a traffic engi 
neer, then, and knowing that modern traffie safety light 
ing is one of the tools which the traffic engineering pro 
fession is just beginning to use, certain practical points 
covered by this paper are here brought out 


Benefits We can agree with all of the benefits ex 
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vept No. 3 and No. 6. In No. 3, relief of congestion 
benetit by 24-hour distribution is not true. We all know 
that modern work hours are such that congestion occurs 
during morning and evening peak hours, and that the 
American working time in industry is not spread out 
over 24 hours. The graveyard, or night shifts, are 
always the lightest. True, modern traffic safety lighting 
will greatly assist in the peak hours in the evening. 
However, for the balance of the hours of darkness, 
good lighting assists in lowering the fatality and injury 
rate only 

In No. 6, the statement = made that good street 
lighting with proper distribution and at such heights as 
to eliminate glare is the most effective and economical 
single solution to the overall accident problem, which 
I believe is somewhat overstated from a traffic engineer- 
ing standpoint. It is one of the tools 

Under typical situations, No. 1 refers to lighting on 
the East Shore Highway at Berkeley, California. This 
example is not a good illustration of modern traffic 
safety lighting, as is evidenced by the illuminometer 
readings taken. Heights of the luminaires are not 
given. Evidently incandescent lamps are used. Mereury 
vapor lamps would have given much greater lumen 
output and greater silhouette 

The statement is made that the data used does not 
include the known effects of silhouette seeing with 
reversed contrast, specular reflection and other similar 
why not ? 


conditions, The question is 


Referring to the light beam of the headlight and the 
glare produced, proposals and models have been made 


for controlling this high beam by means of a photoelec- 
trie cell switch on each ear 

Under alleviation of poor seeing conditions, the 
author has outlined 12 very fine methods, all of which 
we agree with 

Official state or urban testing stations are one of 
the answers to compulsory use of properly aimed head- 
lights 

The insertion of reflecting mediums in the top of 
blacktop pavements lends greatly to specularity 

One-way operation of traffic removes the glare of the 
approaching headlight, as all vehicles are headed in one 
direction 

And lastly, modern traffie safety lighting design is 
very thoroughly covered by the American Standard 
Practice for Street and Highway Lighting, sponsored 
by the Illuminating Engineering Society and adopted 
by the American Standards Association, the Institute 
of Traffic Engineers and the National Safety Couneil. 
Compliance with these standards when designing and 
erecting modern traffic safety lighting will solve many 
of the problems posed by this paper 
L. J. Sonkenk**: This paper us timely, well prepared, 
and no doubt will start some serious thinking. The 
author has set up a new approach to the solution of the 
major problem in night traffie safety, that of providing 
fast and easy seeing 

In setting up some solutions to the baste require 
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ments for seeing while driving under artificial light, the 
author substantiates the light intensities that have been 
recommended by Mr. Simpson, who based his findings 
on accident data obtained on highways lighted with 
various intensities 

Ile also substantiates the intensities determined in 
Detroit from the records of fatal traffie accidents taken 
from thoroughfares lighted with an average illumina 
tion of .15 lumens per square foot up to 1.25 lumens per 
square foot 

Studies were made on some 350 miles of streets under 
various degrees of Ulumimnation over a penod of four or 
five vears involving several hundred fatal aceidents 

The fatal accident rate decreased as the lighting u 
tensity was increased to a point of approximately 6 
lumens per square foot The curve then starts to 
straighten out and approaches a straizht line, almost 
paralleling the daylight traffic rate at lighting inten 


°S lumens per square foot. These studies 


sities beyond | 
pointed out quite conclusively that thoroughfares 
lighted with intensities of approximately one lumen 
per square foot (fairly evenly distributed along the 
pavement) provide reason ably ife seeing conditions 
Lighting creater than one lumen per square foot car 
be justified as a safety factor or white way ghting u 
main business section. I feel the author should be con 
gratulated on the thoroughness of his paper and his 


fundamental approach to the problem 


Lewis W. Crunn® It is gratifying to note increasing 


attention being given to the problem of night vistbulity 
on the huchway Professor Finch has examined the 


problem from the standpomt of highway ghting by 


fixed installation and by headhghting using the present 


system of beam control Hlis mathematical treatment 


vields certain safety factors caleulated “to msure easy 


seeing of roadway obstacles.” The overall safety facter 


is estimated at “approximately 1.” 


Quite properly, mention is made of the possibility of 
using polarized headlighting, although the bibliography 
doe not eontam reference to National Research Coun 
eil’« Highway Research Board Bulletin No 11 dealing 
with the performance of this system, and discussing the 


viewpoints of the automobile industry, Polaroid Cor 


poration and General Eleetme Company 


These groups cooperated in an imvestigation covering 


a period of about 10 years, and while it is true that the 


automotive in¢ recommended “against adop 


tion at this time November, 1947), that fact alone 


would not support Professor Finch’s conclusion that 


‘This possible solution does not appear to be as likely 


ss had been hoped for,” and that “Recent stadies seem 


to indicate that the svstem will not be adopted in its 
present form.” As a matter of fact, at the « nelustor 
of thew ecent ‘ ‘the Chairman of the industrv 
committee stated to the natior pre that he knew of 
no other solution to the problem on the serentifie I 


a question of 


In view of the foregoing t is submitted that “pres 
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ent technical difficulties (which) have not been 
completely solved” do not exist as a bar to immediate 
adoption, nor is there any question as to whether the 
plan “wil materialize into a practical system " A prac 
tieal system has already been de veloped and tested. 
Not barriers, but the usual problems, legal and eco 
nomic, may attend its immediate adoption, but these 
in no way affect the practicality of the systen. 


This discussion of one ph 


ase ot vw subject investi 


vated by Professor Finch is intended to make elear the 
technical availability of a pract eal polarized head 
lighting system which will improve night driving safety 
ind which may reduce to unity most of the safety 
factors recommended for lighting design by the author 
D. M. Finen*: Regarding the optimum location of the 
street lighting luminaires shown in Fig. 1, it would be 


possible to reloeate the luminaires on the edge of the 


pavement to imerease the visibility of pedestrans. 
llowever, the center ounting s frequent!) wed and 
t xn rie ore of nstallat ls t eenter 
inte i ‘ The formula o ‘ page i 
cludes a term covering the average diffuse reflection 
factor. This is used because better data on the reflect 
inces of pavements in the specific dire 1 olved im 
street ghting or he rdlighting not ible \ 
prope slue of reflectance should include the specularity 
the surtaces It hoped that present researches on 
reflectances will provide th required spect data As 


Mr. Crowther points ont there are a no her of other 
variables which are not ineluded in the analysis It 
he desirable to inelude such variables but the data 
available on the absorption of windshields, dirt on wind 
shields, the interference effects of intenor lights and 
hood reflections are very meagre indeed and are not 
yuallv available for use in design 

Replying to Mr. Wyatt, in most analyses of this 
nature it 1s necessary to make many assumptions and 
usually over simplification of some of the coneepts 1s a 


It is reeognized that silhouette seeing plays an 


important part in night driving ind that it was not 


nsidered he examples The proble would 
clete w ‘ rat the iffeect 
he background luminosity of the object. This might 


he done analytically but would ordinarily require so 
much time and effort that it would not be considered 
pract eal I have not attempted to imelude silhouette 
on. Mr 


Inddequacy of the reflectance data are very appropriate. 


seeing for this re Wvatt's comments on the 


The comments made in reply to Mr. Crowther apply 
equally to the discussion of Mr. Wyatt 

The questions raised regarding the computations and 
the constant. M. in Equation 7, need clarification 
Equation 7 refers to the relationships among the im 
nortant variables associated with glare Stiles in Ref- 
erenee 2 has shown how a glare source is equivalent to 


Moon, 


Reference 6, has taken this data and indicated how it 


n the ver-all surround brichtness 


might be appled to a non-uniform surround brightness 


In the latter case the constant, VW. is determined so that 
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the integral shown m Fig. 9 will equal when the 


surround brightness is uniform and equal to the back 
ground brightness. I have calculated the constant, M, 
to be equal to 87.5 for the conditions on the roadway 
where the brightness is due to headlamps alone and 
there are no other glare sources present. The same 
constant, however, should not be used for the caleula 
tion of the glare effeets of individual lights as shown in 
Fig. 10 
printing for the caleulations referred to the conditions 
for Fig. 10 
lations of the angles and have substituted the original 


Therefore, there were errors in the original 
I have made the corrections in the ecaleu 


value for the constant, M, of 15.1 as given by Stiles 
and Moon. In this case the caleulated reduction in 
visual efficiency would be 70 per cent instead of 60 per 
eent as first ealeulated. The errors in Table I have been 


reviewed and corrected in this printing 


With reference to Willard Brown's discussion, the 


the of a sented bea 


ai al ‘ nter 


ne 
headlamp is 3 inches down in 2 teet \ tolerance of 
within 3 to 6 inches down is accepted by most enforce 
ment agencies. Thus with an average mounting height 
of 30 inches and normal aim the center of the beam 
would strike the roadway 250 feet ahead of the ear 
This would reduce to 125 feet for a 6-ineh tilt. Of 
course, loading in the rear seat and trunk and road 
roughness will alter the aim at any particular time but 
the designer must use some representative average con 
dition. Thus for purposes of analysis I have assumed 
the average static condition. 

The desirability of a more satisfactory lower beam is 
apparent to even the infrequent night driver. The pro 
fessional night driver, such as the truck and bus opera 
tor, is very insistent that conditions should be unmproved 
Studies show that on major trank highways and around 
centers of population where most of the vehicle-miles 
are generated, at least 75 per cent of the might driving 
must be done on the lower beam. The low beam should, 
therefore, be the principal beam for design purposes 
If compromises in design are necessary beeause two 
filaments are in the same compartment the sacrifices 
should be in the upper beam since beam control is not 
as necessary on an open road as when encountering 
other vehicles. This procedure would be just the oppo 
site of present design practice 

The light distribution in the lower beam could be 
modified extensively and still come within established 
specifications, so the manufacturers do not need to feel 
that the design is frozen. The end objective should be 
to provide the most uniform roadway brightness pat 
tern ahead of the vehicle as possible. This is not 
attainable under all roadway conditions but should be 
the ultimate goal. At present, under most conditions 
too much light is projected too close to the car. An 
asymmetric distribution is suggested in whieh more 
light is placed on the right hand side of the roadway 
Other modifications are also possible, such as, the fila 
ment cap referred to by Mr. Brown. This would serve 
two purposes, namely, (1) eliminate the uncontrolled 
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direet rays from the filament that are a source of 
annoyance to approaching drivers and, (2) eliminate 
many of the rays at large angles above the horizontal 
which are very objectionable in fog, rain or dust. The 
prism facets on the lens can also be treated to remove 
stray rays or the prisms can be inverted to accomplish 
the same purpose. Other changes are also possible and 
have been discussed with design engineers 

The fact that so many people both at home and 
abroad are so critical of our present lower beam should 
be the signal that more extensive research and develop- 
ment is necessary on this beam 

The comments of Mr. Bollong are very helpfu. and 
his eriticisms are well taken. Several statements should 
he made, however, in reply to the points raised, 

Regarding the relief of congestion, the paper merely 
suggests that partial relief of many facilities could be 

cted by a better distribution of the traffic load, This 
will automatically oeeur when operating conditions on 
a roadway become known to be comfortable and safe at 
night 

The paper refers to improved illumination on road 
wavs as the most effective eomgle solution to the over 
all aceident problem. This does not refer to street 

ting alone as installed in the conventional manner 
but does mean improvements in the whole field of 
illumination ineluding safety lighting, motor vehicle 
lighting, roadway delineation and other phases of this 
contribute to better visibility at 


profession which 


night. It has been clearly shown by many studies that 
improvements in night seeing conditions have more to 
offer in reducing accidents than any one other single 
remedial measure 

The fixed lighting installation in Fig. 1 is an example 
of better than average conditions on our roadways at 
The photograph is probably misleading in its 
The lighting units are 


night 
rendition of actual conditions 
10,000 lumen, sodium vaper luminaires. This roadway 
is one of the approaches to the San Franciseo Bay 
Bridge. Mr. Bollong’s observation that this obviously 
is not a good example of modern traffic safety lighting, 
because the readings are too low, is a point that cer 
The readings shown are 


tainly needs clarification 


brightness values and not illumination values. This is 
further evidence that it is not sufficient to preseribe 
illumination alone but requires a knowledge of the re 
tleetion characteristics of the surface in order to deter 
mine the visual appearance of the roadway 

The data do not inelude the effects of specular re 
flections, color contrast, reversed contrast and motion 
because, as far as | am aware, there are no techniques 
ivailable for including them in the problem. These 
effects are present and some will aid while others will 
detract in seeing specific objects, but the degree to 
which they affect conditions is not now determinable 

I would heartily endorse the adherence to the ASA 
Recommended Practice for Street and Highway Light 
ing as mentioned. It must be recognized, however, that 
these standards do not represent the ultimate in good 
seeing conditions. It is hoped that the reduction in 
visibility due to the glare sources will be seriously con 
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sidered and that the desirability of having a uniform 
pavement brightness pattern will not be overlooked. 
Mr. Chubb has brought up some interesting points 
regarding the possible use of polarized lighting for 
motor vehicles. I will have to agree with Mr. Chubb 
that at the present time I do not know of any complete 
solution to the automobile headlight problem which 
will permit roadway obstacles to be adequately revealed 
to a driver and, at the same time, not eause his head 
lights to interfere with the vision of an approaching 
motorist. Nor do I beliewe that the polarized lhwhting 
svetem available at the present time will adequately 
solve the problem. Even if one assumes that a complete 
eonversion of the lighting equipment could be effected 
within a reasonably short period of time, there would 
still remain many problems associated with the satis 


The de 


factory use of the polarized lighting systems 


polarization of windshields, depolarization due to um- 
proper installation, the crown effect of roads, potential 
failures of equipment, the misuse of the analyzer or 
glasses, the loss of warning halo on curves and hills, 
and the impracticability of using the system on small 
vehicles (motoreyeles, motor seooters, bicycles, ete.) all 
constitute serious design deficiencies that are yet to be 
solved before one can agree that all of the engineering 
features are satisfactory. The interim period during a 
change over to the polarized system would also pose 
many problems for the motorist as well as the engineer 
and enforcement official 

I would be one of the first ones to support and en- 
eourage the use of polarized headlighting on motor 
vehicles if I was personally convinced that the technical 


problem- were at present completely solved 


Romey's Market, San Francisco—A Planned Lighting Winner 


One of the winning installations in the recent Planned Lighting Competition sponsored nation-wide by General Electric, 
was the relighting of the San Francisco market shown below. Awards for the job went to C. L. Daly and C. M. J 
Wood, lighting specialists for the Pacific Gas and Electric Co. San Francisco. Designed to provide a maintained level 
of 45 ft-c on the horizontal plane at 36” above the floor, actual readings after 1000 hours were over 60 ft-c average. 
Luminaires employed were semi-direct commercial fluorescent fixtures on 300 ma ballasts, with hinged louvers, using 
both 4500K and 3000K TS fluorescent lamps (two per fixture) mounted at 16'6” for the two outside rows and 13’ for 


the inside rows. Recessed swivel cans employed 150-watt R40 spot lamps mounted at 14'6”, and recessed sockets used 
150-watt R40 flood lamps at the same height. The floods and spots were set into openings which were formerly used 


with 200 watt glass reflectors 


Illumination levels on the sloping plane of the meat cases were 60 ft-c horizontal. 
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Preface 


In October 1946 the Couneil ot the 


Society appointed a eommilttee “lo 


the lighting requirements as 
hakeries, 


report 


study 


related to the 


processes in 
develop suitable lighting and 
thereon.” This report is the result of 
studies in a variety of bakery estab 


lishments, and gives the minimun 
quantities and qualities of illumination 
necessary for efficient and economical 


production 


ON LiguTinG 


IN BAKERIES 
F. J. Vodicka, Chaarman 
W. B. Bradley 
G. C. Fowler 
R. M. Schramer 
J.C. Weeks 


1. Introduction 


1.1—Visual Tasks in Bakeries A! 
though there are many different types 
of commercial bakeries, production 
processes are essentially similar re 
gardless of the size of the installation 
or the products manufactured. Surveys 
of a number of bakeries varying in 
size from small retail shops to large 
wholesale establishments manufactur 
ing a variety of products revealed that 
a few operations require critical seeing 
Many hand operations are of routine 
nature and done almost automatically 


The 


rate of production is thus controlled 


with no close attention to detail 


mainly by manual dexterity and the 
condition of the working equipment, 


tools, and materials. 


1.2—Sanitation, Safety, and Morale 


(a) Besides illuminating the task 


good lighting is an aid to sanitation, 


safety, and morale Cleanliness, of 


great importance in all! food-producing 
main 


establishments, is far easier to 


tain in well-lighted interiors. (Experi 


*Approved by the Council of the INuminating 
Engineering Society, May, 1950 
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Prepared by the Sub-Committee on Lighting in 
Bakeries of the Committee on Lighting Study 
Projects in Industry, Illuminating Engineering 


Society” 


ence indicates that dirty conditions 


tend to develop under low 
illumination. ) 

(b) In bakeries 
duction areas is taken up by the equip 
trucks, racks, 


illu 


a large part ot pre 


ment, including tray 


mixing bowls, ete Good overall 
mination is necessary to reduce injuries 


Ade 


quate lighting also enhances the satety 


due to congestion in such areas 


of employees operating moving ma 
chinery, working adjacent to hot sur 
faces, and handling hot pans 

(c) Many routine bakery operations 
tend to hecome monotonous or depress 
ing. However, the pleasant atmosphere 
good lighting helps keep 
High 


morale of the working force is espe 


created by 
employees cheerful and alert 


cially important in bakeries since the 
morale is depended on largely for in 
spection of the product during pro 
duction and before shipping and sell 


ing 


2. Summary of Lighting 
Recommendations 


2.1—Quentity—The general lighting 
equipment should be laid out to pro 
duce uniform illumination of the level 
recommended in Table I. A umform 
level of illumination makes possible 
the most efficient arrangement of ma 
chinery and better utilization of floor 
space. Supplementary lighting is re 
quired where the general lighting sys 
tem is not adequate for a particular 


seeing task. 


2.2—Quality 


be placed relative to the machinery 


The luminaires should 


and work benches so that there are no 
shadows on the work surfaces and no 
reflected glare 
dials, polished metal parts, specular 
tile wall 
and 6. All lamps should be well shield 


from machinery, seale 


coverings, ete. See Figs. 5 


ed to prevent direct giare 


2.3—Environment — Vieasant, color 


ful surroundings make workers more 


heerful and contented, while color 
used in accordance with the principles 
of visual perception is a valuable con 
the task 


recommendations are made as follows 


tribution in seemg General 


a) Colors for general use should be 
fairly light and are best applied in plain 
all over fashion 


b) Pleasant colors should always be 
selected and where definite hues, such as 
blue light 


greyed tones should be 


green or are desired very 


used 

‘ Large areas of strong colors, such 
as bright red, yellow or green, should be 
avoided 

d) While the ceiling should be matte 
white so that the maximum light will be 
reflected, walls should not be white, as 
they then become brighter than the work 
task, 


Reflectances of 50 to 60 


and consequently uneomfortable 


per cent are 
recommended 

(e) Machines should be fairly light in 
color to reflect more light and to reduce 
brightness contrasts in the line of vision 


TABLE I.-Lighting Levels at the 


Mixing Room 
Face of 
mination 
Inside of mixing bow! 


shelves (vertical illu 
(vertical 
miters 
Fermentation Room 
Makeup Room 
Sweet yeast raised products 
Room 
Koor 


Proofing 
Oven 
Fillings and Other Ingredients 
De erating and Icing 
Mechanical 
Hand 
Seales and Thermometers 
Wrapping Room 
Storage Room 
Shipping Room 
tiflces 
Keeeption 
W ashroome 
Halls, Corridors 


Kooms 
Btairewaye 


Passageways 


*Kequires supplementary fllumination 


ES Recommended Practice of Office 


Lighting 
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Figure 1. Flow charts 
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for ease of seeing. Reflectances of 25 to 
50 per cent are recommended. 

(f) Backgrounds to work tasks should 
be of a carefully chosen color, and usu 
ally of a lower brightness, approximately 
one-third that of the task. 

(g) Contrast obtained by hues of some 


what similar brightness is more effective 
and restful than contrast in brightness 


alone. 


3. Artificial Lighting 


(a) The maximum use of natural 
lighting should be encouraged for the 


bakery processes performed during 
daylight hours. However, since all 
bakeries operate at least one night shift 
and during the winter months adequate 
natural light is available for only a 


few hours per day, an artificial light 


ing system which will produce the il 
lumination levels specified in Table I 
should be provided 

(ob) The value of a good general 


wwhting system is lost if only those 


units in the immediate vicinity of the 
work are turned on. This is often the 


result when luminaires are controlled 


by individual pull chain switches, in 
which ease the spotty illumination 


tends to cause glare. Deep shadows 


eaused by irregular lighting patterns 


tend to produce hazards. For this rea 


son switching should be so arranged FLUORESCENT OR FILAMENT 
INDUSTRIAL LUMINAIRE 
LUMINAIRES MARKED "P* 
ARE ON ONE SWITCH 


fie Figure 2. Plan view of typical small bakery 


that the recommended level of general 
ilumination is maintained in the entire 
room. A typical arrangement of lumi 
naires for general illumination as well 
as a recommended method of «witch 
ing is shown in Fig. 2 ae Figure 3. Typical luminaires suitable for bakeries. 


(c) Control for supplementary light 


ing units should be located at the work , 
position. : 


4. Daylighting Dome ( File Vapor Tight Aluminum Clasatee! 
ment Lamp with Heat Diffused Diffuser 
(a) In the baking industry every Resisting Ateak 
Glass (Pilea 


ment Lamps 


effort is made to provide as much nat 
ural light as possible. In some old 


buildings production equipment is 

placed close to the windows, resulting x 
in a crowded condition which impedes 


production and leaves large parts of 
the rooms unused or for storage. The 
Projector Spot Silvered Lamp 
present trend in bakery construction is or Ploodiams Diffuser 
toward the use of glass block walls and 
large windows wherever possible 
(b) Windows ean be treated as any 
other type of luzht source and the re 

quirements for good lhghting (¢.¢ Vapor Tight 
adequate illumination, proper distribu Industrial with Heat Industrial 

, Reflector Kesiatir Reflector 
tion, freedom from high brightness dif 
Pluorescent (or Shielding 
Lamps Translacent 
larly, the factors affecting lighting de Geese 


ferences (ratios), ete.) applied. Simi 
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« 
Figure 4. Automatic weighing devices 
a. (left) hopper, b. (right) tank 
fa eth ta ete 
eneral, the flerenes 
het wee the met le of ce ning f 
hting and for artificia rhting 
hat ea ot ‘ 
} the ection of ht varie 
in Wallis and ceiling at 
ford a en no por 
t the available whit will 
in a The port f the 
ernte epend upon the 
th ane ! i ‘ 
rhe i he since the 
ipper pea t 
effective u gy the far side of the 
r the w ' head should be a 
higl The amount of dey 
v tre « lower part { the wit 
slow ha little effe or he in 
listribu mn the reo he 
eon irbitrary. In order to re 
duce excessive brightness ratios, the 


windows should be provided with some 


means of lwht control wh as wht 


tr ginss rht«lirectional glas 
block, fixe rizvontal and vertical 
projections suivers, baffles, venetian 
blinds, shack ‘ diffusing screens 


(d) Where the room design is limited 


te ting window ir me wa 

is ontinnous poss hle 
with a min 1 f poers and maullions 
For deep 1 cor leration should 
given to the ad n of daylight 
th wht « than one wa Sawtooth 


head are effective methods of utilizing 
daylighting for single story buildings 
(e) Equipment should be so located 
that workers never perform their tasks 
facing 

(f) For design data see “LES. Ree 


ommended Practice of Daylighting.” 


5. Lighting for Specific Areas 
5.1—Mixing Room (a) Flour 


normally stored in bins d rectly above 


the mixers so that it ean be weighed 


und sifted direetly into the nuxing 


Sometimes it eonvevel to 


SS 


Figure 5. Lighting a single mixing unit 


lighting for Bakeries 


scale hoppers located above the mixers. 
Standard dial or beam seales are used 
to weigh the flour and meters to mea- 


sure the liquid ingredients. See Section 


5.8 for the technique of lighting scales 
and other instruments 

(b) Some mixing rooms have a side 
bench where additional ingredients are 
mixed and wemhed. General ilumina- 
tion of 20 footeandles with a vertical 
Ulumination of 10 footcandles on the 
face of the shelves is required in this 
area. For vertical mixers supplemen- 
tary lighting should be provided to 
produce 50 fo inside the mix 


ing bow! See 


5.2—Fermentation Room From the 
mixing room bread dough is taken 
in large troughs (holding 1200-1500 
pours) te thie le entation room 
which is maintained at about SOF and 


Ss per cent humidity. Here the yeast 


acts on the suwar;: the dough remains 
in ths room unt t has risen suffi 


ently to be divided and panned 
Sinee little ttention is paid to the 


dough during fermentation only suffi 


event light is required to insure safe 
handling of the equipment Due to 


UM INAIRE 


2 

bya! 
TOR 

mixing 


FRONT VIEW 


Figure 6. Lighting for several 
units. 
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Figure 7. (above) Unloaded from the 
mixer into a trough, dough is taken 
next to the fermentation room 


Figure 8 (center) Long troughs of 

bread dough in fermentation room. 

Those toward the background which 

have been in the room longer show 

greater fermentation than those at the 
front. 


Figure 9. a. Divider and b. rounder for 
bread. 


4 
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also adequate. However, where sweet 
yeast raised goods and other compli 
cated products are made the illumina 
tion should he at least 30 footcandles 


5.4—Proofing Room—During proot 
ing the panned dough rises, again un 
der controlled temperature and humid 
ity, to acquire its final shape. Localized 
general illumination is required in the 
proofing reorm lireetly in front of the 
tray racks so that a quick inspection 
of the panned dough ean be made 
Due to the low ceiling of most proof 
ing rooms symmetrical, elliptical angle 
reflector units, or units with similar 
sidewise distribution ean be used to 
advantage, the units facing away from 
the door. See Figs. 11 and 12. Due to ° 


high humidity om the proofing room 
vapor-proof luminaires are suggested, 


especially for fluorescent lamps 
Vapor-resistant lu naires may be shaped, amd panned preparatory te 
to advantage in this area, especially baking. In modern bakeries produc 
¢ 5.5—Oven Room Ovens present a 
or fluorescent lamps periments thon line proceedures are used, and the 
special lighting problem because many 
have shown that ultraviolet radiation operations are largely mechanical, re . " 
} it j ‘ the { have black and white exterior finishes, 
ean be User o mivantage in “ ‘ quiring very little handling. General 


and great brightness contrasts may re 
mentation ream toe eontrel wild molds mination of good 
a sult with the enclosed bare lamp units 
ppenedix practice 


emploved for lighting the interior. The 
5.3—Make-up Room (a) In the (b) At benches where baked goods fronts of the ovens should be illumi 


makeup room the dough divided, are made up bw hand 20 footeandles is nated «0 as to balance the brightnesses 


Figure 11. A final rise takes place in these proof cabinets before the shaped dough proceeds to the ovens. 
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Figure 12. Lighting a proof box 


keep 


reason 


oft the lahted oven 


opening to 
the brightness ratios within a 
able over 10 to 1, 


preferab!y 


lhmit, not and 
Luminaires must be 


trucks 


when the 


mower 


mounted so that tray placed 


near the oven mouth oven 


is being filled or emptied do not cause 


shadows. See Figs. 13 and 14 


5.6—Fillings and Other Ingredients 
(a) Preparation of fillings involves 


weighing and mixing various ingredi 


ents. Accuracy is required to main 


tain the proper standards of quality 


of product Many of these imgredient- 


are of a perishable nature and must 


be carefully ted betore use For 


these reasons a minimum ilaminatior 


ooteandles required with at 


least 50 per cent 


Luminaires shoul: 


led above 


luminaires 


Figure 13. Modern automatic ovens 
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may be 


Fig. 17 


used to advantage to prevent corrosion 


Vapor-proot units 
and to protect the lamp bulbs against 
breakage from liquid splashing 

(c) Tables for fruit washing, cutting 


normally 


and placed near 


taken 


mixing are 


the windows. Care should be 


that the workers do not face the win 
dows, unless provision is made for the 
control of excessive glare by means of 


venetian blinds, shades, ete. 


5.7—Decorating and Icing—(a) 


many large operations, icing is applied 


to bakery products mechanically. The 


lighting problem in this case simuiar 


to that in the make-up room, and ‘ 


solution ms the same 


(b) Hand deeorating and reing, how 


require gre iter «kill and care 


the part ol the operator if uniformi 


gould results are to be obtamed 


eause of the detail invelwed im har 


decorating and the “sity of work 


mw “atist ry rates 
ntained, quich 


required, 


~TRAY TRUCKS 


PLAN VIEW 


SIDE VIEW 


Figure 14. Lighting for ovens 


brightness fluorescent lamps have an 


vivantage since they radiate less heat 


ind result in lower brightness reflected 


rom the glossy toward the 


decorator 

If the 

side of the de 


operators are stationed in 
oruting benches 
he placed abowe the 

operators parallel to the 
See Fig. 15. This loeation is 
ended beeaus« 


n of the surfaces 
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View FRONT VIEW SIDE VIEW 


Figure 15. (left) Lighting an icing and decorating table (workers located on one side only). Figure 16 (right) Light- 


ing an icing and decorating table (workers located on both sides of table) 


of the produet will be improved and the - 


slight shadows produced will bring out 


EeHAUST CANOPY — the detail of the decoration 


Reflections from the highly reflee 


tive surfaces of the icing will be directed 


sway from the operator 


The lighting units may be tilted slight- 


ly toward the decorating benches if the 


irrangement of the benches is such 


that a particular lighting unit is not 


expected to light more than one bench 


(d) If the operators are located on 


f 


= 
| 
4 
- 


both sides of the benches, the lighting 
‘ the 


| 
1 


henches hetween the positions of the 


| operators, See Fig. 16 
J = (e) The color of the light from the 


7 units in the decorating and icing de 
se IN A 


partment should be as nearly as pos 


Figure 17. Recommended for illuminating kettles used for cooking fruit fillings ~!"!* ‘he same as that under which the 


are 100-watt inside-frosted filament lamps installed on 20-inch centers in the 
exhaust canopy. sumed. Since in homes and restaurants 


filament lighting is as likely to be 


product will be purchased and con 


found as fluorescent, it is recommended 


that either filament or fluorescent lamps 


which approach the color of filament 


sourees be used to illuminate the dee 


erating benches 


5.8—Illumination of Scales and 
Thermometers — For quick accurate 


reading of the graduations, these in- 


WRONG -OIRECT struments should be illuminated to 
REFLECTED Gi ARE ; provide a brightness of from 20 to 25 
footlamberts However, special eare 
| ust be taken to prevent direct or re- 
\ 4 | flected glare from the seale due to 
\ | @ ind 19. An illumination level of about a 
° | 4 " 1) footeandles is adequate to produce 
| Po the above brightness for most gauges, 


thermometers, and scales Fasier 


Pigure 18. Lighting for meter and scale dials maintenance usually results if the 
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removable 


hghting 
Where a local light source cannot be 


equipment is 


used suitable shielded spotlights are 


recommended 


5.9—Wrapping Room--(a) Wrap 
ping is done on automatic machines, 
and there may be frequent interrup 
tions caused by torn wrappers, clog 
ging of the mechanism, ete. Diffused 
general lighting is required to expe 
dite location and removal of obstruc 
tions and cleaning, oiling, and adjust 
ment of the machines. See Fig. 20 
(b) To 
bakery 


be used to advantage 


eontrol mold in package 


goods bactericidal amps ent 
For detailed i 


formation see Appendix, 


5.10—Storage 


tion of the storage room is im: 


(a) Proper ilumina 
I 


illumination promot 


tends t 


Adequate 
i 
thus 


housekee ping and 


crease storage losses 
(b) Since low ceilings are frequently 
found in storage rooms, special atter 


tion must be nelding 


of the lamps. See Fig. 21. 1 ' 


paid to proper s 


filament or fluorescent units any 


type shown in Fig. 3 ean be used 
Correct placing of the units with re 
gard to the bins, platforms, ete., is 
essential to prevent blocking of leht 


from the working areas 


Figure 20. 


‘ 


25-warT 


TIO REFLECTOR 
LIGHT 


25-warTt 
REFLECTOR 
LIGHT LF 


Figure 19. Two suggested methods for illuminating thermometers. 


TABLE Il 


Indication of Trouble 


amp not burning 
but apparently 


breakage 


(above) Lighting for wrapping machines. Figure 21 


> 
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Filament Lamp Equipment 


Cause and Remedy 


luminaire ia rated 


aire if water spray is present 


enters luminaire 


SIDE Vitw 


(below) Lighting of storage areas. 


bs 


/ ( 
\ 
b) Mepaie wising 4 
ant 2. Lamp burns dim Low voltage aes 
° es good Match lam; sting ne we 
Short lamy fe High voltage 
Match lamp rating to line voltage 
t Improve voltage regulation and avoid surges 
Bult sacked due t echar al shock 
Replace lam; 
b) Be sure water does not drip on bulb : 
lamy 
Replace with lamp of for h 
a) Use shack hing de 
b) Sea nt re conduit sen pe 
s) Use corre . of lamy 
b) Straight be 
a 
| 3 
FRONT VIEW 
WRONG RIGHT 
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Figure 22. Lighting a loading platform Figure 23. Depreciation factors for a 
typical lighting system. 


Room (a) The fin 

product is delivered to the ship 

vom by tray trucks or conveyors 

tasks include keeping 

loading delivery 

me places mainte 

cleaning of the delivery 

oading platform should 

sum level of illumination 

andles. This level is required 

eal work such as checking 

point as well as inspec 

for damages im 

general lighting of 

ean be obtained 

by means of industrial filament or 
fluorescent units 

(b) Since the delivery truck bodies 

sed and are loaded from the 


It becomes necessary to use 
projector equipment perma 
ittached to wall, column or 
ties appropriately located 
dequate seeing conditions 
« truck body. See Fig 
(c) Although the lighting of 
garage proper ts considered to 
tudy, it is desired to empha 
necessity of providing snffi- 
wht to mesure proper cleaning 


trucks 
end Other Locations 


ing in the ice area should 
recommendations given in 
omended Practice of Office 


¢” prepared by the Office Light- 


Figure 24. Recommended cleaning pro- 

cedure: (1) take down lamps and re- 

flector, (2) wash reflector thoroughly, 
and (3) wash lamps thoroughly. 
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ing Committee of the Hluminating En 
gineering Society 


6. Maintenance 
6.1—Artificial Lighting (a) Fig. 25 


indicates the depree ation factors which 
contribute to the effectiveness or in 
effectiveness of any lighting plan 
About 10 to 


depreciation of 54 per cent 


15 per cent of the total 
shown Is 
due to normal reduction of lumen out 
| » of the 


put throughout the light 


source, The remainder can be reduced 


by a scheduled maimtenance 


program 


ineluding frequent cleaning of all re 
fleeting and hght transmitting surtaces 
ction of the surroundings and 


See Fig. 24 


and itis} 


elect real 


(b) Such devices 


and starter testing apparatus are use 


svatet 


as fluorescent lamp 


ful to a maintenance depart nent 
Cheek charts for 
or filament lamp equipment frequent 


Table Il 


information 


fluorescent, mereury, 


ly prove to be time savers 
is an example of such 
covering filament lamp equipment 
(c) The 
guide to 


following basie rules are a 


obtaining efficent and eco 


nomieal lighting 


Maintain proper line voltages 


Replace lamp outages promptly 
luminaires regrularly 


4 Recome familiar with lumina 


cuits, lamp and starter testing metho 


Definite mainte 


6.2—Daylighting 


nanee schedules should be establ 


windows and relat 


The 


light loss depends upon dirt acenmula 


also for ¢ leaning 


light controlling media rate of 


tion, which in turn is dependent upon 
the building ition, atmospheric con 


ditions, ete In general, the windows 


and other light controlling media 


should be cleaned at least twice a vear 


APPENDIX 
Unrravierer Raptation Te 


Controt, 


«net part of the report 


This appendix 
Although the I! 


Society is concerned with the 


iminating Engineering 
generation 


distribution and measurement of radia 


tion bevond the trum it does 
not include within ope the 
of the effects o 


intensities of radiation 


subject 
radiations The 

prod iced by 
used as suggested 


ultraviolet lamps 


this appendix represent opinions of 
vidual authorities and not of the 


minating Engineering 


(a) Growth 
ise 


Spores, 
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of the way 
or brought in by the 


ing in out places in the 


bakery incoming 
sir from outside, settle on any surface 
in the bakery and under favorable con 
snd heat produce 


litiens of moisture 


investigations as well 


(b) Laboratory 
us field tests have shown that low in 
tensities of ultraviolet radiation inhibit 

wth of mold on surfaces favor 


‘le to growth, The tests have shown, 
that higher intensities of radiation 
he air. The 

the 


evention ma 


The fermentation room ts ‘ 
the bake mo upt t produce 
blem + mold growth on 
ills and « » inhibit growth 
utions bactericidal 
imps shoul 
necessary ntensity 
wo methots o pel lon 
a bakery, 
When using the 
lal units 
the ceiling of 
der to irradi 
thi« 
feet 
exposed t vw ultra 
prolonged periods 
f time, tielis should be ied 


prevent over-exposure The 


method ! 


of the 


lireet fixtures i ung as low 
maible so a i ‘ the walls 


level. The 
feet 


i surfaces 


usual mounting ght is nut 


summer 


(ad) During the 


frequently devel 


product 
when t ven, 
or must oecur luring 
rapping processes 
has been used 
to control 
moier rganiames in confined 
therefore it appears possible 
ve some 
sling rooms or 
nt contamina 
vith air 

ida lan pes 


steril 


pment and 
1. The 


purpose wi 


imps 


this depend 


lus tunne 


their proportions, the interior surface 


of the duct or tunnels and the humidity 


of the air used and the volume of air 


being cireulated. The following data 


serve as an example of the require 


ments that might be needed for the 


cooling of bread: In a duct 20 by 40 


inches with an interior surface provid 


ing 60 per cent reflectance of ultraviolet 
light, through which 6000 cubie feet of 


humid air is pulled each minute, thirteen 


0-watt bactericidal lamps are required 


to effect a per 


eressary to expert 


(e) It would tx 


ment with each type f cooling tunnel 


to assure proper placement of the aK 


tericidal lamps for the preventio of 


mold growth on surfaces equip 


ment and to provide a substantial kill 


f airborne mold sp within the 


(f) Provided metuns } wen taken te 


issure against the cor it on of the 


finished bakery produ: ) old dur 
ing the cooling pro etericidal 
lamps placed near and the wrap 


ping machine would assure against the 


growth of mould in crevices of the ma 


chine und would provide sterth air 


sround the bakery product during the 


wrapping process, Such use of bacter 
cidal lamps on the wrapping equipment 


v1 not k moll which has already 


gained 
the exposure wl the 
irregularities the surface if the 
baked food makes it impossible for the 
ultravielet irradiation to reach all of 


the contamination 


importa 


It is very 
tericidal lamps be pla posi 
tion that lireet the each 
Where this 


eves should be pre 


worker's eves 
the workers 
bey suital 


Where 
ipated, the ‘ ' of 


goggles or eye 


occupaney is 


where lamps are 


reoms 


used should te i w low ultra 


vielet reflectans other wall 


verings, to reduce m value 
it the 


Reprints Available 


of the report 


“Lighting 
parphiet form 
bee ivailall at 
Quan 


” ipplication to the 


single 


‘ples 
Offices Illuminating 
neering Society, 51 Madison 


nue, New York 10, N. ¥ 


Laghting for Bakerwes 


A> 
= 
chinery, walls, and ceiling and steriliza 
then of als 
q 
oi 
: ‘2 
(3) 4 
on irradiation of the 
upper part dill room by indireet ‘ 
4 
fixtures, One 30-watt lamp is used per 
a 
teete 
foods, read, rolla, eakes, ete ante 
Rinee — 
moll 
the cor 
Uitray 4 
by ot) parts of the workers’ sh 
t! 
ur “ i] 4 
ng 
spaces 
that ult at 
cooling Reprints 
on of for Bakeries 
with cover 
; be placed in the take duct to ze 
hi the incoming air and may be placed in an 
j 4 Iu tits 
oling tunnels to maintain «aterility of 
the equ f the air used te 
Eng 
of moll on bakery prod vol the 
Aven: 
by speres floating in the 
ols ‘ veld r th re | 
air, pr y molds grow 
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> Residence Lighting Forum What It Is and 
Street Lighting Technwal Seerion Parallad 
Effective n Lighting U pusually 
As President Goddard said on a re New Glass Developments in the Pield of Illy Hasardous and Irrecular Roadway Areas. by 
' tion, t ltr W Shaver Corning (las R. M. Swetland. General Electric Co West 
cent preview of Conterence taciiitres Works, Corning N.Y 
at the Hotel Huntington, Pasadena, The Developmes ( High Wattage Tungster Lighting of the Battery Brooklyn Tunnel, by 
(alitorma, “Beg, borrow, or steal the Lamps Particularly for Infra Red Applica L. G. Geenens, Triborough Bridge and Tunnel 
tions, by KR. G. Siauer, Sylvania Electric Prod Authority and Kirk Keid, General Electric Co 
time to get to the Pasadena Confer t te Sale Mass Cleveland, Ob 
thrilled bw the Si neandescent Filament Lamp. Temperature Street Lighting 
park grounds, the turquoise p Laminai K “ I Westinghouse 
sports ities resort 
pron facilities, comfortable esor Electrodes in Thermion Fluorescent Glace ta Lightine 
type restful atme phere, and vlequate harges and T r importar to Lamp Per by kK ¢ Putnem and KR Fawcett 
forma Dr EF. Low Sylvania Ele Ces 
meeting «pace of the hotel. In addi este Maw 
Lighting of the Myst Bridge, by Walter M 
y el het “af 
thon to this grand el, Pasadena and New he mical Lamps, Bernese Cini. 3. Greiner 9. 
tr Cor mf 
law Angeles County, with it< countless Westing ». Second Seamon 
attractions to the visiter, will make Functional Lighting ' Canadian Church 
Lighting § ps Building, by H. Jones, Canadian Geners 
th vear’s conference be one vou can Cea Tents, 
KRendence Lighting nical Seasvon 
not afford to miss. Beg the time; steal ites aiid 4 Method of Testing and Evaluating Fluores 
the monew'! nt Laminaires, by Kurt Franck, Helophans 
ighting for the Home Sewing Machine 1} Compat : Newark. Ohio 
The opening of the Conference will Myrtle Fahsbender and Priscilla Presbrey 
Westinghouse Ele tr Cor Studies in Lighting of School Auditeriams and 
he at 11°00 o'clock, Monday morning, Stages, by €. J. Allen, General Electric Co 
tir eng Ne Park 
August 21, with the first of the tech 
and orrow, Nu 
neal sexsions scheduled to start at ‘ ‘ i hic The Effect of Task Brights to Surround : 
Hrightness Ratios on sn! Performance Re 
2:00 pom, Monday, August 21 Fluorescent Lighting in the Home by Kaye search Fund Project). by Professor R. | 
Leighton and ommery trenera Hiesele Ir Southerr Methodrat University 


for the California National 


Techn 


pared the Papers Committee, and 


Southern 


i) Conference has heen pre 


the Natronal Techmeal Conference 
C'ommottee Conference papers to he 
presented at Pasadena, as presently 


but subject te change, are 


scheduled, 


! THE MAGNIFICENT Turquoise Pool at the Huntington Hotel, Pasadena, will 
Klectric Corp, | Geld. N allow you to relax and enjoy the moments before and after the technical sessions. 
Reflevtor Contours f vreases Glass .ampe Surrounded by spacious gardens and the celebrated picture bridge, this spot will 
seas _ be a popular one 
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TO MAKE the 1950 Southern California Conference “The Conference That Will Have Everything,” many men are 
hard at work. Some of the local and national Conference planners are (left to right) D. W. Prideaux, Chairman of the 
Conference Executive Committee; R. F. Hartenstein, Chairman of the National Technical Conference Committee; C. H. 
Goddard, President of 1.E.8S.; Walter Sturrock, Vice-President; and Hoyt P. Steele, Chairman of the Papers Committee. 


Muscle Action " 
Tasks astry W 


vania Ele 


Informal 


W edneaday 
Ree 


Report 


Planned 
Progress 


iviation Lighting 


reatwn 


Ba 


Thursday 


Lighting for Safe 


Civil Aeronautics 
Aireraft Lightis 
by W ‘ bir 


Burbank, Calif 


The 


tion, 


traditional 


Banquet, 


ariel 


mided interest this vear 


will center around the 


lughted Huntington 
ing gardens. True ¢ 
living at its best, Co 
ident, frie 


see your 


evening of 


dancing under the 
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Danvers 


Related t 
Allphit 
Mass 


heautitu 


ind surrot 
outdoor 
Pres 


full 


ornia 
meet the 
enjoy a 
dining and 


cotatortabls 


on Wilshire Boulevard, to Santa 


There ws virtually no rain 


Caliornia; 
the 


o September n Southern 


the weather is warm in sun, cool 


n the shade, and cool and pleasant 


in the evenimgs 


Lapies’ Program 


The Ladies’ Reception Committee 


ladies busily engaged enjoying their 


stav to the fullest. The ladies’ program 
consists of 


Monday 21: A 


lesurely tour of Pasadena and nearby 


iffernoon fuguest 


communities te eh 


world-famous 
Art 
Mis 


the 


as the Hunting 
Bot 


Ciabriel, 


spots on Library, 


Gallerv, and antes! Clardens, 


son San famous homes, 


Kose Bowl, 


Tuesday, August Tour to Olvera 
Street (Meriean shops), Snvder home, 
The Farmers’ Market (tor 
Hollywood l, the Greek 
Hill F 
Wright 
time for rest 
ington Hot 

Wednesday 


jomt tour 


lunch), 
Theatre, 
(Frank 
returning 
at the Hunt 


tow 
tea at Olive sundation 


Liovd design}, in 
and dinner 
ol 

{flernoon 


with the mer f special 
interest ) 
Thursday lugust A delightfal 
Angeles’ Miracle Mile 
Mon 
then 
of 
a tropical 
teverly Hills, 


cooked elec 


pleasant en 


irive ilong Los 


Paci 


fabulous 


ea and the blue Ocean; 


the homes 


tone Canyon, 


the hills ahovwe 


delightful luneheon, 


a per od of 
Returnisg will 


hack 


Hollywood, 


Parkway 


tour throug! 


 Arrevo Seco 


Sports Program 


The it the Hunting 


on Hotel 


sports taciiities 


are superb In a secluded 


TELECAST 


from June 


some tremendous plans to keep the 


Lighting News of Current Interest 


but spacous garden setting, the large 


and beautiful turquoise pool invites 
young and old alike to a refreshing 
Four 
tennis courts beckon the most diserimi 
fine 
the 


putting 


plunge glare-proot surfaced 


nating player or the novice. A 


surfaced badminton court near 


and a nine-hole golf 


pool 
course complete the sports facilities at 
the hotel Riding stables 


proper are 


close by 
All 
Huntington 

LES 


staving at 


available for the equestrian 
at the 
available to all 


they are 


minded sports factlities 


will be 


registrants, whether 


that hotel or not 


Provision will be made for interested 


golfers to compete for the President 


Law eup at one of the several courses 


nearby 


LiGhTING Servick Forum 


John Walsh and his utility commit 


teemen are planning a unique and col 
orful “sh 
You 


and interesting from this group 


iow type” of Forum this year 


can always expect the unusual 
you 


won't be disappointed this year 


TRANSPORTATION 


A LES 
Special is planned, starting from Chi 
with additional 
added at Kansas 
Kansas; Amarillo, 
New Mexico Groups from 

of the East attach 


their special cars to the I.E.S. Special, 


firand Canyon 


eago on August 
ears 


Wichita, 
and Belen, 


being City; 


Texas; 
other parts ean 
and enjoy the trip with LE.S. friends, 


stop over one day at the Grand 
Canyon, 
Monday 

Cirele return trips are suggested for 
all that 
full re time and expendi 
tures m 


of the 


then on to Pasadena, arriving 
orning, August 21st 
members attending 


of 


“0 
alization 


av be made. Trips from east 


Mississippi can be routed via 
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te 
£ 
a 
¥ 
Sy 
Technwal Committers Forum 
= 
al 
t, Leckheed Aircraft Cory 
|S 
i Landing Aids Experiment Station, Arcata ree 
Calif, by H. J. Cory Pearson, Civil Acro 
a nauties Administratiot ndianapolis, Ind 
Advances in Airport Lighting, by W. A. Pen aes 
io 
Third General Technical Seamon 
ai Daylight in Classrooms Multilateral Lighting a 
Methodist University 
eel and Casual Seeing, by 8. K Guth, General | 
Elect Nela Park. eland. O} 
An evaluation ft Performance f Pluores 
ent Fixtures lampe and sete by 
M Benjamin Elect Phair 
3 isibility Test Method Resear Fur i ir | ie 
y er Cottr for niversit 
thace, N. ¥ 
A Fundamental Pro es ‘roducing Light 
Mager and Ir Paine Svivania 
ectr Products, It sale Ma 
Department Store Caw and K 
Wylie. S tr i New 
York, N.Y 
Preadent « Reception Ra nque ‘ 
Recep 
Ving 


law Angele to San Francesco, Port vantage of the time saved. Air coach 
land and Seattle at no extra rail fare by TWA and American, and week-~day 
mm for only a few pennies more, half-fare rates for families will appeal! 
Canada can be meluded. A trip to the to many. Then, too, many LES. mem 
West Coast will not be complete unless hers will bring their families and 
these famous western ettres, with thet frneml« bv auto Motels in the West 
many attractron: are vieited, along ire grand, comfortable some even 
with the great national parks and tre avish and economien!, Auto travel 
mendows dams and power projects information i« available from the Auto 
which are prelomimant! n the West Club of Seuthern California, 2601 So 
Places like the Black Hille of South Figueroa St.. Low Angeles 

Dakota, Spokane Washington the The timing of this vear’s conference 
fireat Salt Lake, Keno and Las Vegas, in Southern Calhfornim allows the 


Nevada, Why not route vour trip te) [LE.S. member and his family to take 


‘ ‘ Vacation im conjunetion with a trip 
allow ? toe the eonterenes be 
bee ell te take wiequate ter reopening of 


“Lighting for Tomorrow’ Keynote 
of Pacific Northwest Regional Conference 


Keyvional Conferences ‘trend followed next day with more complete 
one another tast de they diseussions mm special sesspons 
follow” om the Spring An outstand The seeond day's meeting featured 
ne on lewding the way n the West the panel diseussions mm three reome, 
wa the tweda conterenes enabling m this wav, eleven diseus 
Senttle Mareh S34, eomdueted by ston periods of one and « half hours 
Seetions and Chapters of the each, Conference planners were et 
Northwest Regn couraged to nete that these rooms 

Ir up them program, the were filled to eapacity fer each dix 
Conference planners mitiated a form eussion, and as the diseussion leader 
of presentation whieh proved so pop vave only a shert talk outhning the 
lar it mav heeame standard for future subjeet, most of the time was devoted 
meeting The sessions were so ar to a valuable exchange of viewport. 
ranged that the first day's program A field trip teur of the University 
eomsisted entirely of weneral sesspons, of Washington, part of the Contes 
held on the mam ballroom of the ehee program, Was especially 
Meany Hotel The “ye sker here pre ful About 60 of the Conference dele 
ented talks of general mnterest, to be gates made this tour, Lyman Morgan, 


AT THE successful Pacific Northwest Regional! Conference, Seattle, Washington, 
Paul Marble (right) Puget Sound Section, presents totem pole to Pres. Goddard 
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who designed the lighting in several 
new U. of W. buildings helped con 
duct the tour Ineandeseent lighting 
predominates in these new buildings, 
a feature which stimulated further 
valuable diseussion during the inspee 
then 

A banquet and dance on Friday, 
Mareh 24, with LES. President and 
Mrs. Goddard guests of honor, econ 
cluded the ( onte rence 
President Goddard, in his address, 


te LES. Standards in 


made referene 
use today, particularly in the north 
west area He neted, for mstanee, 


that the State of Washington has 


ted as safety standards the LES 
recommendations for industrial light 
ing, and that the schools are required 
to be lighted in accordance with the 
reeommendations for sehool 
ting 

An officers’ breakfast with Presi 
dent Goddard was held the tollowing 
Saturday morning, not part of the 
Conference, but of special value to 
the Boards of the Sections and Chap 
ters comprising the Pacitie Northwest 
Region Mr (ioddard reported on 
eurrent activities and partie 
pated in a diseussion of various loeal 
problems brought up by the officers. 
At this breakfast, it was decided that 
the next Paertie Northwest Regional 
Conference would be held in Spokane, 
Washington in the spring of 1951, the 


Inland Empire Chapter being host 


SESSIONS 


Mavor of Seattle, Wilham F. Devin 
opened the meeting with an Address 
of Weleome, to which President C. H 
finldard responded on behalf of the 
Society. The kevnote address “Light 
img for Tomorrow” was made by B. T 
Hemz, Co-Chairman of the Confer 


ence Committee. For the reeord, the 


program ineluded 


195 
Maw tall Room 
Meany Hotel 


Thursdau 


Morning Sessior Chairman, Erie 


Nekland 
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; 
= 
e 
ay 
? 
| 
President. fic Northwest Region, 1 ES - 
~~ BT Cot Conference Co 
res ‘ r and Light 


‘ - 
HEAD TABLE at the banquet, Pacific Northwest Regional Conference, Seattle, Wash.. March 24. Left to right, Mr. and 


Mrs. K. E. Hollingsworth, Mr. and Mrs. B. A. Travis, J. D. Webster, Mrs. Ackland, Eric Ackland, Mrs. Goddard, Pres 
Goddard, Mr. and Mrs. Henry Huber, Mr. and Mrs. F. D. Bolton, C. A. Scheyer, Mrs. Heinz. and B. T. Heinz. 


Afternoon Session -Chairman, Henry the General Conference Commuittes The balance of the General Board 


R. Huber Working with them were ot aminers report, submitted by F 


Pahev, Chairman, reported the 
election « Assoemte Members, 
Student Members, and recommended 
the election by Couneil of 1S 
The current membership totals re 


ported, after elections and 


(Wiicers of the Paecitie Northwest were 

Sections and Chapters partierpating gepsember 30, May 10. 
1949 1950 

7913 


were 


Fridau, Mares 
Mezzanine, Edmond Meany Hotel 
Discussion Panel 
F. DD. Bolton, Chairman, British Co 


lumbia Seetron re A New 


wt Crry New Yorn 
Council Executive Meeting she Sertsty'’s 
Held in Montreal Branch was approved for charter, on 
petition submitted by a number of stu 


dents at the City College of New York 


The national officers, gathered im 


Montreal for the Canadian Regional 


Professor Abraham Abramowitz was 


Conference, held the regular meeting 


. appointed os a loeal representative of 


of the Counel Executive Committee 
A. Rost, Chairman, Inland Empire +} on Mav i the Soevety ane Advisor to the 


ere 10. Present wer ‘ 
Chapter Ceddard. Preaident: 8. G. Hibben and N.Y. Stadent Branch 

Walter Sturrock, Vice-Presidents; F Activities 
M. Strong, Treasurer: A. TH. Manwar In a bref discussion of the activities 
ing, General Seeretary (i. Ross Hen of Stadent Menhers throughout the 
noger, LES. Pabh eountry, Mr. Hinekley reported eon 
entions umd \. Cathers, GG. F siderable activity at the Pacifie Un 
Daniw!l Webster, Chairman Oregor 
alia . Dean, Duncan M. Jones, Arthur Men versity, Forest Grove, Oregon, noting 
del, G. F. Mudgett, Frank G. Reed, the interesting circumstance that many 
Joby Ward, and new Student Members there are en 
rolled with the University’s Sehool of 
es Optometry. Mr. Hibben reported an 
expression of interest in the establish 
ment of an LES. Student Braneh, 


from an Institute of Applied Arts and 


nemdation of the Gen 
Examiners, Dr. Matthew 
aml Mr Henry 


Serences 
France), were 


ComMMitTer Personne 


The Conference was under the able ert te the gerne Member sp Bou spanies 


direction of Heimz and K. F tus tnils of t tinwuished careers ESTABLISHED IN CANADA 
Hollingsweo the Puget 1 Upon presentation by G. F. Dean, 
t 


Section, 


Canadian Regional Vice-President, ac 
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ot 4 
2 
7 
an ‘! 
Store Lighting by © M Cutler, Nela Park 
feet ra Pile rh ‘ pear ree 
Relving Vis Problems at Measur rtie 
Vork f its ‘ tee K ort 
Sports and Rerreational lighting 
Field Trip to University of Washington, Pr i 
fessor tiordon K Shuck and Byron G Lind 
‘ tive Ser thor Tiantel i Me 142" 
sire Discussed by ‘ q 
Simpeon, Var Consulting Eng 
od i Keereation lighting 
} General Electric Co. Nela Park 
Ne 
4 
Luckiesh, of 
: 


taken to restate tundras, from the 


Pacitie 


and 
Northwest Re 


mon Was approve a border to the 


wnt of houndarte« f Seetions and borders of the 


Chapters within the Canadian Region gion to Labrador and Newfoundland, 


Thos, in effect, assigns all of the terri to a speerfie group in the Canadian 


tory in the Canadian Region, from the Region. 


Winnipeg Chapter, Canada's 
Eighth Group, Receives Charter 


The offleral certificate” to a with an engraved handle and 


LES 


“birth opener, 


new Chapter has been received Winnipeg crest, in appreciation of 
by Canada’s newest group in Winn: the efforts which had culminated in 
we, Manitoba The new Chapters the histone Charter meeting 

forma eharter was presented at a Another notable presentation Was a 
inner ceremon held at the Reval beautiful gavel of choice Quebec 
Alexandra Hotel ' Winnipeg, of maple, a gift from the Quehee ¢ hap 
April 15. Guest of Honor and main ter, next vuungest” LES. Chapter 
penker at the meeting w (i. Frank iso a Canadian group. Formal pre 
mn Dean, Canadian Regional Vie “entation of the gavel was made by 


¢ 
{ hapter Mr 


moment, im ? 


President, whe Borden of the 


Wilson 
Winniper Chapter My 


made the presentation (Quebec 


Chairman of the Borden dwelt for a 


Dean was, u presentation speech, 


Iver letter on the wheat sheat 


with 


design earved on 


LIGHTING CALENDAR 


ed States in 


Society Events 


June 6, 1950 M 


ew N 


August 7-19, 1950 


T { Fair, 


September 19-21, 1950 The American Se 


ty f Mechanical Engineers, Fall Meeting 
June 9 1950 — fon 4 s Conference Hotel Sherator Worcester, Mase 
snd ne ficers of 
York, N.Y September 27-29, 1950 six at 
‘ t sl Manufactur 
August 21.24, 1950 Seuther Californias st ‘ re rock Niega 
Nat al ference. Hotel Hunting Cs 
October 11-14, 1950 ternational Ass 
October 26-27, 1950 t K at { Elect ol Leagues, 15th Ar al 


Industry Events 
naeress & Fa ‘ f the Nat na Safety 
June 4-7, 1950 1 American Society of 
Hef ating Spring Meeting 
M October 17-20, 1950 National } trica 
Contractors A ation, Annual Conventio 


October 23-27. 1950 
12-16, 1950 ‘ netitute of Pngineer nee 
. ral Meeting 


the head. It represented, he said, a 
elasping of the hands from the East 
and the West, symbolizing the under 
standing and fnendship, not of two 
different 


all. Mr. Borden was the recipient ot 


peoples, but of Canadians 


miniature cowboy boots, 
detail to 
Manitobans, 
that he 


a par of 


identical in those worn by 


those lofty presented 


with the remark had been a 


long time in the saddle (former Chair 


man of Montreal and otherwise ac 
tive) and was due a new pair of boots 
Winnipeg is the eighth 


Canada to have an official LE.S 


eity im 
group 

the seventh in the Canadian Region 
( British Van 


eouver is Pacitie 


Section in 
affiliated the 
Region}. In his 


Columbia 
with 


Northwest addres- 


to the new group, Mr. Dean reviewed 
the history of the Soeiety, and ex 
pressed the hope that the birth of 


the Winnipeg Chapter presaged an 


eventual forming of a Canadian mid 


Cornhusker Chapter Holds 
All-Day Lighting Conference 


Through good program planning and 


advanet public ty, the Cornhusker 


Chapter attracted engineers from three 


states to its all-day conference 
held April 14 at the Martin Hotel, 
Sioux City, lowa 
Charceh rhting, street lighting and 
‘ le played by lighting in archi 
ire vere the topes discussed with 
ip bw expert these fields 
Sneakers subiect vere 
Mod x a i vest 
r 


eleetrieal fi s, tollowed bv a 


this 


manquet, rounded out 


November 13-16, 1950 mulating comterence 
June 12-16, 1950 — National Associa of Manufacturers A ation halfonte Haddon = ~=Harold Spitznagel, Sioux Falls, South 

June 12-16, 1950 ference on | stria November 26- December 1, 1950 u 
onadian al Associa Murray Bay November 27-29, 1950. American Stand Service arnded by M. B. Men 
Que (anada at Waldorf lenhall, program ; Bertsch, social 
June 26-30, 1950 a 8 for ir; Wilham Vahl, Reeeption; Mark 
~ i A and ‘Te American Society Lee, hotel: and George R. Devo, 


UMINATING 


ENGINEERING 


‘ 
4 
had 

j 

— 4 

I George 

ed ntroduced 
ghting ard Rar i 

‘ York ¢ A group of Sioux (ity stors 
A social hour sponsored by the 
June 
dinner 

mer Atlan e New rk NY 
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WINNIPEG CHAPTER receives Charter (photo at left) in special ceremonies April 13. G. F. Dean (left) made the 
presentation to the young Chapter’s Chairman, E. F. Wilson. In photo at right, Mr. Wilson also receives for the Chapter, 
a gavel of choice Quebec maple, presented by D. C. Borden (right) on behalf of Quebec Chapter. 


Two Outstanding Forums through April 18, 1950 by the New HHiumination as» It isual 
y and Eye Strain bs alter ar 
Sponsored by Montreal Section England Seetion of LES aster, Boston, Mase 
In cooperation with four other An outstanding group of speakers ‘ Industrial Lighting Appleations W alte 
. 1 Kell New England Machine & Electr 
prominent Canadian Associations, the from the fields of arehiteeture, eng 
Montreal Seetion of LE.S. has pre neermg, medieme, and m Viewsat Combest with to Bris 
sented two exceptionally successful dustry were secured to serve as class ness and Glar by Phelps Meaker, Gen 
Electric ¢ Nela Park, Cleveland, Ohi« 


Forums, all-day meetings held April instruetors, each an authority on his 


bene laghtime Ay ations by J 
27, and on May 12, the latter in eon subject An avers attendance of Kilpatrick. Leader Mfe. Co. New York Cit | 
_ nection with the Canadian Regional over 100 for the six meetings is an (fice Lighting Practire by Willard Thon 
Thompson Engineering Co Boston Mar 
Conference interesting mdieation of the course's 
T Store Lighting Applications by 
The Forum diseussion on April 27 “HLECESS Cooke, General Electric Co., Lamp Dept 
7 covered “Light Conditioning of Edu The program featured Hospital Lighting Applications,” by Willard 
eational Premises Four outstand Ally Sylvania Electric Products, In 
i ing papers on Various aspects of Lighting with Relation to Architertora “Sperts Lighting Applications,” by HM. 
by Charles Burchard, Graduate vee Iumination Laheratery, Gener 
school lighting were presented Schowl of Design, Harvard University Flectrie Lyne Mase 
Designing for Daylight by Mr W ateas Changing Concept { Lighting at Application and Calculations 
Ralharric Abra Balharrie and Shaw nierior by K Slane Sylvania bw Jt Steffenhager We Fleetr: 
redacts Ie Corp 


tects, ('ttawa 


Daylahting Educational Premises Mr 
J. Webster, Pilkington Glase Limited Mor 
treal 
Scheo! Colour by Mr I de Helle Co 
Chairman, Colour Committee, Montreal Preotes 
tant Central School Board 
Artificial Lighting of Schools by Mr. Hew 
ard Wright, Curtie Lighting (« Tor 
Details of the May 12 Forum, on 
“Light Conditioning in the Home” 
will be included in the report on the 
Canadian Regional Conference, next 
issue Nine leading home lighting 
specialists participated 
i Co-Sponsors, with the Montreal 
: Section, for both meetings were: 
The Architects Association of Quebec ; 
The Canadian Paint, Varnish and 
Laequer Association; Interior Dee 
orators Society of Quebee; and the 
Canadian Electrical Association, Wir 
ing Committee 
; Advanced Lighting Applications 
é Course Held in Boston 
A course for those with a back WEW ORLEANS SECTION received its recently acquired Section Charter 
ground in lighting techniques and ex-  offcially from President C. H. Goddard (right) on March 13 at President's Night 
ie perience in the various phases of Reception held at Arnauds Restaurant, New Orleans, La. Cecil Pasley (left) 


lighting was seheduled Mareh 14 Secretary of Section accepts the Charter on behalf of the Section. 
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Hold Conference sponsored and conducted by the Pitts 


illumination leetures during March, 


r iiuminant and Background Factors in burgh Seetion of LE.S. This was the 
ape De. Harry first time lighting was a feature of 
emlists met at Nela Park, Cleveland ert 


of Task to Surrounding Brightness 
the Ability te See the architectural school’s imstruction 
on April tor conference . 
on Mechanical Equipment, and imdi 
mique im the lighting fleld It brought 
cations are that LE.S. will again be 
tewether for a rare meeting, leading ds easuri 
eane invited te eonduct a similar series 
esearchers whose work is im visual 


hext vear 
research and whe have eontributed 


The Pittsburgh Section Education 
nformation closely related to Ulam elation Hetwrer r 
‘ or ight t (Committee also arranged for two lee 
nation The conference took the torm Ibe 
_ tures on illumination to be part of a 
informa disetssior during 
vhich each researcher desernthbed his 
erent wer stimulating u at 
University of Pittsburgh. A leeture 
eusston mm whieh others brought i sieve Hamer * 
on “Light Sources” was given before 
expertene ml knowledge to bear on . 
a na nett this group in February: another on 
— : “Design and Factors Intlueneing De 
to the twoday session Was that the 
‘ v ‘ sgn” on April 27 
eonterence had heen most enlighten 


iv ana inspiration il inal 


ened interest in continuing vis nh “Paint With Light” Technique 


lumination research The district office of the Westing 
The subjeets presented covered a Messrs. W. ©. Brown and S. K house Lamp Division at Chamblee, 
wide diversity of interest Guth served as Chairmen of the ses fia. near Atlanta, has devised an in 

‘tons and as very hospitable hosts teresting exhibit that relates lighting 


and color, Five small offiees, lighted 


Pittsburgh Sectica Condects by various hues of tluorescent 
Lectures for Architectural Students to be startlingly differ 
ent, although their walls all are 

Forty-one fourth vear architectural painted the same light green. Robert 
students of Carnegie Institute of A. Corvey, lamp district manager, has 


Technology attended a seres of six arranged the display te show visitors 


Camrtetece oF 


UNIQUE CONFERENCE of visual research specialists met April 24-28 at Nela Park. Those participating were: Front 


Row (1. to r.) Prof. C. L. Cottrell, Dr. Ernst Simonson, Dr. Harry Helson, Dr. Kurt S. Lion, Dr. M. J. Skeffington, Dr. D. 


E. Spencer, Dr. J. Howard Bartley, Prof. J. O. Kraehenbuehl, Prof. E. M. Strong. Center Row (I 
M. A. Tinker, Dr T. A. Ryan, Dr. H. R. Blackwell, Dr 
Hall. W C. Brown 


to r.) 8. K. Guth, Dr. 

W. C. Halstead. Dr. D. B. Harmon, Dr. A. M. Skeffington, Dr. J. 

Back Row (|. tor) Dr. G. A. Fry, Prof. R. L. Biesele. Jr. C. L. Crouch, Dr. G. N. Getman, Dr. D. Y. 
Solandt, Dr. Josef Brozek, Dr. M. A. Bitterman 
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TELECAST) light Now: — 


PITTSBURGH Section of LE.S. Advanced Lighting Course this spring educated 


75 men from all branches of the lighting industry in six two-hour sessions covering 
school, sports, residential and other phases of lighting application. 


the dramatic possibilities of “paint 
ing with light.” 


By standing in the general office 


area, a Visiter can see five smaller 
offices lighted with lamps called 
standard white, warm white, soft 
white, white, and daylight. In 
the soft white room the walls appear 
to be grey, in the warm white room 
they seem vellow green, and im the 
daviiwht reom thev resemble blue 
walls 

In each room the lehting level is 
=footeandles, about triple the 
amount of light found in the average 
office 

For more comfortable seerng eondi 
tions, the office filing eahbinets were 
repainted light grev and the old black 
desk tops were replaced with a 


mottled white rubher materia 


Canadian Electrical Association 
Announces Data Sheet Contest 


To aequire up-to-date information 
on the many exeellent lightime instal 
lations that have been made in reeent 
vears throughout Canada, and to 
benefit from the mutual exehange of 
ideas, The Canadian Eleetri 
eal Assoecration has announeed it 
would sponser a lighting data sheet 
competition n 1950) offering three 
prizes, $100, 350, and $25. In addition 
to these awards, the twelve best en 
tries selected for publication in the 
monthly magazine “Electrical News & 
Engineering” will reeeive $10 each 

The contest will he open o ill 
members of the Canadian Eleetrea 


Association and to all emplovees o 


any Canadian utility company. Entry 


JUNE 1950 


forms and the rules of the contest 


are fully explamed on data sheets 


available at the offices of the Cana 
dian Eleetrical Association, 15° Craig 
Street West, Montreal, and at all its 
member companies. Entries must be 
submitted at the Montreal offiees of 


the by September oth, 1950 


A.1.E.E. Holds Advanced 
Lighting Seminar 


Repeated requests and favoralle 
comments tollowing the lighting semi 
nar conducted in New York last fall 
by the American Institute of Eleetr 
eal Engineers, inspired a new series 
of lectures this past spring 

Subject overed at the six weekly 


meetings, April 25 through May 31 


were 
Speaker it tar ‘ ng 
Sitk W alk 
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Via \ K ' ' { 
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University of Miami 
Conducts Classroom Study 


The first nstitute on elassroom 


planning to be eonducted in Flornda 


was beld April 1% and 20 at the Beau 


mont leeture hall of Miami Univer 


sity, Co-sponsors of the institute were 


the Southeast Florida Chapter ot 
LE.S., together with local chapters ot 
A.LA., the Southeastern Florida Op 
tometrie Association, County Health 
Dept. Teachers Association and 
Lyons Club 

Dr. Darrell B. Harmon was chet 
speaker at the several sessions which 
were attended by many pediatricians, 
educators, architeets, and iluminating 


engineers 


Invitation Over Seas 


Members of the Tluminating Engi 
neering Socety resident in the United 
States or Canada, and who expeet to 
be in England during the month of 
Oetober, 1950, are mvited to eonsider 
addressing an audience of the British 
Illuminating Engineering Society at 
the Lereester Center ( Mid 
land area). Interested and qualified 
persons should correspond direetly 
with Llonerary Seeretary, B. V. Rowe 
of the Illuminating Engineering Soci 
ety, co G. Company, West 
bridge, Lave ester, England Please do 
net correspond with LES. headquar 
ters in New York City through which 
this invitation is relaved at Mr 


Rowe's request 


Permanent Store Modernization 
Center Planned in New York City 


Plans tor the establishment of the 
first Store Modernization Center, 


aimed at centralizing interest in new 
store equipment and building mate 
rials, were announced recently by John 
i lhireetor of the Store 
Modernization lnustitute, sponser of 
the Store Modernization Shows held 
the past three vears 

The center will house permanent ex 
hibits of store modernization materials, 
and newotiatrons are now under way to 
lease 15,000 square feet of floor space 
in an atr-comlitioned building on Fifth 
Avenue, New York City. to serve as 


hewlquarters for the project, Exhibits 


will be open five dave a week through 
out the vear to exeeutives of retail 
stores and store architects and design 
ers and builders engaged in the mod 
ermmzing of stores, felt to be one of the 


ost active building elassifieations in 
Amer on 


major buying offices 


A survey ol 
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n New York, representing more than 


14”) of the largest department stores 


in the United States, indicate 


popular 


weceptance of the to 


osed that 56,000 


Mr. Evans, who dis 


buvers and merchandise managers 


visited New York last year to purchase 
verchandme for their stores 
Present plans call for a well-rounded 


continuous program of activities at the 


Store Modernization Center (Clintes 
and ferums will be held monthly and 
will present discussions by leading 
irchiteets, desugners, store executives 


ind equipment manufacturers on such 


topics as design and layout, displays 


mod fixturing and merchandise handling 


teehr ques Retat! hout the 


eountry will be invited to “—e meet 


ngs Prominent store architeets and 


designers fron ' state will be in 


vited each month to exhibit their best 


mpletel work of newly modernize 


New Motion Picture Arc Lamp 


\ revolationary type of high-inten 


sity mothon pieture are lamp, employ 


ny a very thin slowly rotating wheel 


newative carbon and suetion pipes 


to prevent the formation of “mush 
room” deposits, and using an aur blast 

concentrate the modie flame, was 
leseribed at the reeent 67th seman 
ual convention of the Seeety of Mo 


Pieture and Television Engineers 


Drake Hotel, Chieage 


thom 
the 
The new lamps reeently developed 


n Zurich 


wer maximan 


Switzerland, are designed to 


values of erater brl 


sceording te 


Zurich, 


ime sereet lumens, 


Dr. whe 


frretener of 


lemonstrated the equipment at a con 
ron 
The im sereen lnmen value ts 
et knowr feretene 
be as h a sand 
\ ‘ | t} lu 
available, with a “sude to 
f SO per cent, 
‘ vies pere lamp now n pre 
in nom Switzerland, he saul, whole 
view now emily tor 
imi w ele w 
but 
lr ent 
t? ‘ 


TELECASI 


/ sghting 


minutes, according to Dr. Ciretener. 
The unique features of the new lamps, 
he explained, are designed to overcome 


The 


to concentrate the anodic 


air blast used 


flame in the 


these limitations. 


lan pis projected from the housing of 


the positive earbon. A coil near the 


tip of the carbon rotates the are 


sround its own axis several hundred 


times per secomd, A special lens and 


photo cell arrangement uses the image 


of the erater edge to operate a mag 
netie clutch which governs the positive 
feed 


Exhibit Train Dedicated 


veiled its More Power to America 


The General Company wt 


tal, the biggest electrical display kit 
ever built, in Grand Central Terminal, 


New York City, April 24 


a quarter mule long, the 10 


Almost 


represents the first 


o, display, in ome 
related exhibits, the 


products for the production, distribu 


tion, and industrial utilization of ele 


trie power 


Bebeved to be unique in industnal 


arketing history, the <ilwer strean 


filled with exhibits of more 


2100) of the most 


than vadern elect ri 


svatems, and techniques 


The “Special,” launched on the rails 
by the company’s Apparatus Depart 
New York on the first 


tour It will wisit 


ment, Was m 
lap of a nation. wile 


kev 


ters dumng 1950 and 


industrial eer 
1951 
not he open to the 


(i-F 


explained that the 


approximately 


The train will 


general public, according to 


They 


spokes: wen 


exhibits shoard the train have been 


designed eally to interest those 


specnh 


whe produce eleetri and those 


to work im 


the eomrmunity 


power 
vhe put it ndustry and 
om the il” are groupes 
Industral Light 
(ieneration, Transmission, 


and Distmbution: Drives and Controls, 
Matena Handling, Welding, Indus 
trial Heating 


for Industry, 


Rene wa Parts, 
Measurements 


National Se 


ponents 


Improvement, and 


McGraw-Hill Announces 
Periodical Microfilm Service 


The Metiraw- H 
ny W by Street, Ne 


Current Inte: 


Vews 


York, N. Y., has entered inte an 
agreement with University Microfilms, 
Ann Arbor, Mich., to make available 
to libraries issues of a number of 
MeGiraw-Hill pubheations in microfilm 
ton 

(me of the most pressing problems 


facing all 


types of libraries today is 
that of providing adequate space for a 
constant flood of publications. Period 
eals pose an especially difficult prob 
lem because of their bulk and namber 

Miecrotilm 


duce and distribute copies of period: 


makes it possible to pro 


eal literature on the basis of the entire 


volume in a single roll, in editions of 


1) or more, at a cost approximately 


equal to the cost of binding the same 


material in a conventional library 


binding 


Under the plan, the hbrary keeps 


the printed issues unbound and cireu 
lates then n that torm for trom two 


to three vears which corresponds to the 


When the paper 


per od of greatest us¢ 


copies begin to wear out or are not 


ealled for frequently, they are «is 


posed of and the microfilm is sub 


stituted 


Sales are restrneted to those sub 


edition, and the 


paper 


film copy is distributed only at the 


end of the volume vear 


The microfilm is in the form of posi 


tive microfilm, and is furnished on 


reels, 


suitably labe 


ed, Inquiries 
ng purchase should be directed 


to University M 113 N. First 
Arbor, 


erotil 


Mich 


Street. Ant 


June Deadline Misses Four 
Important Regional Conferences 


The exigeneres of publication dead 
nes has prevented this month's issue 
of Telecast carrying a report on four 
exeellent Regional Conferences held 


These were the Canadian 


during May 


Regional Conference, held in Montrea 


May 11-12. The 


Phil idelph 


East Central Regional 
May 18-19 
Conterence 
The Great 
n Buffalo, 


Conference, 
The Mid Regional 
Milwaukee, May 17-19 


Rewtor Conference 


Vestert 
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T SEEMS TO ME 


Editorial Screening 
the Editor 


On page 203 of the March 1950 issue 


of ILLuMINaTING ENGINERRING there 


appears a letter adressed to you by 
Mr. M. H. Bruesewitz of the Wisconsin 
Electric Milwaukee, Wis 


consin a point 


Power Co., 
Mr. Bruesewitz makes 
of constructively criticizing the quality 
of some of vour advertisements. He is 
to be commended on the fact that he 
brings to the attention of the editor a 
noticeable conflict between the enlight 
ening data in the many technical arti 
cles compared with the message behind 
advertisements 


2A of 


appears an “ad™ 


some of the 


On page the same issue there 
together with a pl oto 


Amidst 


photo, the advertiser 


of a furniture store much 


text under the 


states “Note the eveness of illumina 


tion the absence of shadows the 


ease of seeing all of which make a 
good lighting installation.” Any hght 
ing man having had experience im 
lighting and merchandising furniture, 
quickly sees the contusien these claims 
would lead to 

The progressive approach to lighting 
furniture showrooms, brings into use 
good directional 
component diffuse 


A furniture buyer first satis 


light sourees with 


rather than light 
sources 
needs most of the 


fies his functional 


time, and then considers fabric, tex 


ture, color and form. Since furniture 
has three dimensions, what light source 
other than a concentrated one would 
emphasize its shape and form? A dit 
fuse light source creating no shadows, 
renders objects flat and monotonous 
Modern 


much of their work as seulpture put 


to practical use; and they conceive 


furniture designers regard 


much of their work under the play ot 
lights and shadows. The 
textured fabrics would surely join the 


weavers ot 


rebellion against diffuse and monoton 
Most of us know that the 


source also enhances 


ous lighting 
directional light 
the appearance of a fabric, Dramatic 
lighting is surely the answer to furnm 
ture display. 

If one turns to page SA of this 
“ad” recom 
mending certain equipment for office 
lighting. If the photo suggests that 
the office area illustrated is properly 


same issue, one sees an 


guNE 1950 


necessary to 


Practice 


luzhted, then it beeomes 


rewrite the “Recommended 
for Office Lighting.” The photo gives 


no evidence of comfortable visual en 


vironment. The ceiling is obviously 


dark 
contrast 


There is evidence of extreme 


between the lenses and the 
The desk tops show 


Other 


acoustical ceiling 


unusually low brnghtness than 
the lenses, the highest brightness in the 


desks ; 


lwhting added 


office is on the front side of the 
artificial 
Moon & Spencer 


n finding that 


no doubt the 
by a photographer 
would have no difficulty 
the helios in the shadow areas was in 
excess of 10 per cent of that of other 
areas. The photo certainly fails to 
illustrate good office hghting practice 
other 


Perhaps it has sccurred to 


readers that the series of Lighting 
Data Sheets are often antiquated and 
Series XV oon 
What is 


so unusual about the data and photo 
full 


unimaginative 
page 154 is a case in port 
graph that it rates a page’ By 
simply looking at the cross seetion, one 
ean see that the lamps become a re 
flected glare source in the glass brick 
I would say that this information does 
not conform to Recommended Practice 
this could be used tor a 


Surely space 


thousand more important Uses 

Most of us look forward eagerly to 
each new issue of ILLUMINATING ENGI 
earned to regard it 
text hook 


It would seem to 


NEERING. I have 


as more valuable than any 
heretofore published 
serven the 


Data 


me that the editors should 


advertisements and Lighting 
Sheets to be sure that the message con 
tains information which will be infor 
which conforms to the 


mative, and 


high standards of the Society Propa 


ganda and meaningless data have no 
place in an engineering publication 

H. M. Gotham Lighting Cor 
New York Citu 

Eprror’s Nore 


With reference to Mr. Gerstel’s con 


poration, 


eluding points: (1) prevailing Ameri 
can publication practice precludes edi 
torial dictation of what advertisers can 
advertising which 
However, 
tisers their agencies are subject 
to the urge that 


they improve their advertising copy in 


say in the space 


they pay for. adver 
and 
continuing editorial 


[ILLUMINATING ENGINEERING by pre 
senting therein carefully sereened use 
ful technical information pertaiming to 
the application of the advertised prod- 
ucts; (2) the selection of topie and 


subject matter for lighting data sheets 


TELECAST—Lighting News of Current Interest 


the responsibility and prerogative 


the LE.S. Sub-Committee on Light- 


img Data Sheets 


Schoolroom Brightness Limitations 


To the Editor 


Page 241 of the April issue of ILu 


MINATING ENGINBERING brings some 


thing to my attention as a Sales Man 


ager which has bothered he quite a 


little bit 


Time and time again, | have main 


tained that the lighting industry has 


quite a tendeney to try and sell dow: 


even though the consumer was doing 


his best to sell up. I refer to the dis 
cussion on the page | mentioned where 
apparently a school man ts interested 
in quality and willing to buy it but ou 
convince hit 


own industry is trving to 


that he should buy something 
than quality 


Maybe an 
listen to the 


wrong and would be 


pleased to other side ot 


the question, remembering that my 


criticism is based on sales only, not 


I Sales 
Wakefield Brass Co., 


engineering WHILson, 
Vanager, F. W 
Vermilion, 

To the Editor 

both 


and unpublished of our paper “Apph 


Recent  diseussion published 


eation of Recommended Brightness 
Limitations to School Classrooms,” in 
dicate there is some misunderstanding 
regarding our feelings about quality 
We 


this open letter to clarity some of our 


lighting are, therefore, writing 


statements, which we believe are being 
misinterpreted 
The 


single statement that we made in de 


controversy revolves around a 


seribing the characteristics of plastic 


bottom luminaires. After telling how 


good the lighting was with such an 


installation, we stated, “Many school 
officials feel, however, that the advan 
tage provided by such an installation 
is more than offset by its higher cost, 
lower illumination level, and greatly 
We 


and no one has 


increased maintenance problem.” 
this as a fact 
The 

would have been better if it had read, 
“Many find, 
that they cannot afford this increased 


stated 


disputed it sentence possibly 


officials however, 


sehen] 


comfort because of its higher cost, 
lower illumination level, and a greatly 


We 
eall particular attention to the follow 


increased maintenance problem.” 


ing statement, which we made in the 
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VISITORS to the Southern California National Technical Conference in Pasadena, 

August 21-24, will be offered the opportunity of seeing many high quality lighting 

installations. The steel fabrication area in the U. S. Spring and Bumper Co. 

plant in Vernon, California, shown above, is an outstanding installation using 

100-watt fluorescent lamps (two per fixture) developing a maintained lighting 
level of 50 footcandles 
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The above photograph has at least two features of direct interest to IL.E.S. members. 1. The gentleman apparently 

Geiger-counting the emanation from the lighting units is E. E. (Ernie) Wakefield, long a well known member of 1.E.8., 

now Director of the Radiation Laboratories, Inc., Chicago. 2. The fluorescently lighted atomic truck operated as a mobile 

radiochemical laboratory to visit all major research laboratories in the U.S. The truck is illuminated, to a level of 65 

footcandles, by four lighting fixtures, each of which has two 4-foot fluorescent lamps operating at 120 volts. Source of 

power is through a cable which connects to an outlet at the laboratory visited. Reflection factor of the ceiling and walls 
is 80 per cent; desk tops are green, and the floor is gray per reflection factor of 45 per cent 
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Acme Electric Corp. 


Cubs, N.Y 4. A. Comatock 
Admiral Manufacturing Corp. 
2450 Be Ashiend Ave. Chicago, Ii) 


Schwerts 


Advance Transformer Co. 
1122 W. Catelpa Ave. Chicago 40, Ii 
Hirech Epetewm 


Alabama Power Co. 
Birmingham. Ala 


All Bright Blectric Products Co. 
991725 Kedsie Ave. Chicago 14, Il 
Kien 


George L. Merru 


Aluminum Company of America 
Gelf Heilding, Pittsburgh 19, Pa 


C. Rraglie 
ted Blectric Corp., Ltd. 
884 Pape Ave. Toronto, Ont. Canads 
D. W. Petterson 
a c te Corp. 
4727 North Lamon Ave. Chicago 30, Il 
7. W. Lewes 


American Fluorescent Corp. 
6607 Broadway, Chicago, Ill 


American Sterilizer Co. 
Brie, I's Heorece Wm. Alexander 


eton Blectric Co. 
1701 1739 Wellington Ave, Chicago 15, Il! 


Nile A. Tornbiem 


Arkansas Power & Light Co. 
Simmons Netions! Bidg. Pine Bieff, Ark 


Maz Sudduth 
Whe Art Metal Co. 
1814 40th St, Cleveland 3. 
George B. Glatthar 


Artistic Lamp Manufacturing Co., Inc. 
996 Fourth Ave. New York 16. N.Y 
Myron Perimutter 


Bausch & Lomb Optical Co. 


Rechester 2. NY Arthur Newmer 
Benjamin Blectric Mfg. C 


Blue midge Glass 
ro Rex 1. Kingspert, Tene 
James Herbert 


Board of Water and Electric Light Com- 
missioners 


116 
8, Mich 


Boston Co. 
89 Roylston St. Boston 12, Mase 
R.B Brews, Jr 


» Duaepner, Inc 
Nalhe st Park, Minneapolis 
Ceol H. Brenham 


Bright Light Reflector Co., Inc. 
Veirficid & State, Bridgeport 5. Conn 
C. B. Scholl 


British Columbia Blectric Bwy. Co., 
670 Dunemuir St. Vancouver, B. C. Canede 
Walters 


PO. Bos 570, 


John D 


Ottawa St Lansing 


Malmyht 


Brockton Bdison Co. 
86 Main St. Brockton 67. Mase 


Forbush 
Corp. 


Jack 


Bafalo Blec. 
Buffalo 3. N 


Béward F. Caldwell & Co., Inc. 
101 Park Ave, New York 17. N. ¥ 
B. T. Caldwell 


California Blectric Power Co. 
P.O. Boa 512, Riverside, Calif 

Vaugia, Jr 
Ralph Raymond 


Sustaining Members 


SUSTAINING MEMBERS 


Cal-Lite, Inc. 


12600 S. Yukon Ave, Hawthorne, Calif 


Urele 

Calpa Products Co. 

4116 Chester Ave. Philadelphia 4 I's 
Paul C 


Cambridge Blectric Light Co. 


46 Blackstone 8t. Cambridge 49 


Celun 


Mase 


. Reginald H Bowman 
Canadian General Blec. Co., Ltd. 
212 King &t.. Torente. Ont R. Leve 


Canadian Laco Lamps. Ltd. 


745 Guy St. Montreal. Que 


Line Materials, Ltd. 
Station H, Terente 13. Ont.. Canads 
L. B. Measinger 


Central Hudson Gas and Elec. aes 
50 Market St. Poughkeepsie, N 


J. Thomas 


Postal 


Dexter 
Central Dlinois Light Co. 
316 Jefferson Ave 8S. Peoria 2, Ill 

R. K. Dalles 
Central [Miinois Public Service Co. 
607 E. Adame Springfield, BL. Palm 


Central Maine Power Co. 
9 Green St. Augusta, Maine Roland W. Hess 


Central New York Power Corp. 
100 Erie Boulevard Syracuse, N.Y 


L. D. MeCormac 
Central Power & Light Co. 
P.O. Boa 2121, Corpus Christi, Texas 


James M. Wiliams 


Champion Lamp Works Div. of Con- 
solidated Blectric Lamp Co. 
600 Broad St. Lynn. Mass Ellery H Raddin 


Cincinnati Gas & Blectric Co. 
Fourth & Main Sts. Cincinnati 1, Ohio 
Hartman 


118 Se. Clinton Chicago, Il 


George Gomberg 


City of Burbank, California Public 

Service 

174 W. Magnolia Boulevard. Burbank, Calif 
H. McCambridge 


City of Glendale Public Service Dept. 


119 N. Glendale Ave. Glendale 6. Calif 


H 


City of Biverside Blectric Light Dept. 


3854 Mulberry St. Riverside, Calif 

L. W. Grayson 
City of Seattle, Dept. of Lighting — 
Puget Sound 


1015 Third Ave. Seattle 4. Wash 
P. OC. Spowert 

City of Tacoma, Light Division 

402 City Hall, Tacoma 2. Wash 


Rey H Weeten 
The Cleveland Electric Miluminating Co. 
7 Cleveland 1. Ohie 
Hienton 
Colonial Blectric Products Co., Inc. 
1115 Market St. E. Paterson. N. J 
Wallace M. Woodworth 


Colonial Premier Co. 
466 W. Superior St.. Chicago 10, It 
Reherd 


Columbia Electric & Mfg. Co. 
W t je Ave. Spokane, Wash 
Walter A. Toly 


Public Square 


Commercial Light Co. 
841 W. Washington Bivd. Chicago, 


Mictael R Pine 


Commonwealth Bdison Co. 
72 W. Adems Chicago 90. 


The Connecticut Light & Power Co. 
250 Freight St. Waterbury 91, Conn. 

Cc lidated Bai Co. of ¥., Inc. 
4 Irving Place, New York 3. N. ¥ 
Thomas J 


Cellina 


Consolidated Gas, Elec. Light & Power 

Co. of Baltimore 

100 W. Lexington St. Baltimore 1, Md 
MC. Albrittain 


Consumers Power Co. 
212 Michigan Ave. W.. Jackson, Mich 


D. B. Karn 


Consumers Public Power Co. 
1452-25th Ave. Columbus. Nebrasks 
Sinke 
Corning Glass Works 


Corning, N 


4. 8. Tyler 
Coyne Blectrical School, Inc. 
500 So. Paulina St.. Chicago 7, Ml. 
John Hanan 

Crescent Electric Supply Co. 
765 lowa Dubuque, lows 

Titus B. Schmid 
Crouse-Hinds 

N 


Syracuse | 


4. A. Clarke 


Crouse Hinds Co. of Canada, Ltd. 

7 Labatt Ave Ont PR. Jeffery 

Curtis Lighting, Inc. 

6135 W. 65th St.. Clearing Station, Chicage 

38, Il Darwin Curt 

Curtis Lighting of Canada, Ltd. 

195 Wicksteed Ave Leaside, Toronto 13, 

Ont L. Wright 

Cutler Light Manufacturing Co. 

202628 N. 22d St.. Philadelphia 21, Pa. 
Robert T. Cutler 


Dallas Power & Light Co. 


Toronto 


1506 Commerce St.. lallas 1, Texas 

W. @. Moore 
Day-Brite Lighting, Inc. 
5401 Bulwer St. St. Louis 7, Mo 

D J. Baler 


The Dayton Power & Light Co. 
25 No. Main St.. Dayton, Ohio 
Nenneman 
Dasor Manufacturing Corp. 
4483 Duncan Ave. St. Louis 10, Mo 
P. L 
Delaware Power & Light Co. 
600 Market St. Wilmington 99, Del 
W. A. FP. Pyle 
Dept. of Water & Power, City of Les 
Angeles, Bur. of Power & Light 
Box 3669 Terminal Annex, 207 So. Broedway, 
Les Angeles 54, Calif C. P. German 
Detroit Bdison 
2000 Second Ave. 


Detroit 26, Mich. 


L. B. Tayler 
D it Blectrical © tors Associa- 
tion 
62762" Hotel Book Cadillac, Detroit 26. Mich. 
Cart Schoeniger 
Detroit Steel Products Co. 
2250 E. Grand Bivd., Detroit 11, Mich. 


W. Cliften RendeB 
B. I. 4uPont de Nemours & Co., Inc. 
(Fabrics & Finishes Div.) 
Wilmington 98, Dei W. Quisenderry 


B. Pont de Nemours & Co., Inc. 
Dept. 


W iilmingte Leary 
uesne Light © 
435 Ave. 19, Pa 
@. W. Ousler 
Duro Test 
2321 Hudson Bivd. North Bergen, N. J. 


James L. 


Bastern Fixture Co., Inc. 
170 Vernon St. Boston 20, Mass. 


lows Gimen 
(Note: Names of Official Representatives 
appear in Italics) 
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Bast Side Metal Spinning & Stamping 
1501 Elizabeth Ave. W Linden J 
Kremer 
Inc. 
New York 6, N.Y 
P.D 


Blectrical Information Publications, Inc. 
20 E. Miflin, P.O. Box 232, Madison, Wis. 
WwW. Dudley 


Bbasco 
2 Rector St., 
Brooks 


Blectrical Testing Laboratories, Inc. 
79th St. & East End Ave. New York City 21, 
N.Y Little 


Blec. Service Mfg. Co. 
& Cambrie Stu, Pa 
Nchmidt 


Blectro Manaf: Corp. 
2000 W. Fulton St.. Chicage 12, 


L. Schoenbred 


Blect Mfg. Comp 
5849 Boyer Montreal, 


Que, Canada. 
John lesenman 

Ender Manuf Corp. 

260 West St.. New York 13. N. ¥ 

Jules Levenatew 


Blectron Corp. 
4501 Galapago, Denver, Cole Floyd Vickers 
Bnglewood Blectrical Supply Co. 
5801-03 So. Halsted St.. Chicago, Il) 
Ray O Leary 


Pamous Fluorescent Light Co. 
762 N. Ogden Ave. Chicago 22, ID 
Jack R. Stone 


Federal Blectric Company, Inc. 
8700 S. State St. Chicago, Ill 
John H. Goehat 


Pitehburg Gas & Electric Light Co. 
637 Main St. Fitchburg, Mass. 4.0. Neal 


Fiuorescent Equipment & Mfg. Co. 
2570 Superior Ave. Cleveland 14, Ohice 
Leonard 8S. Freeman 


Finorescent Maintenance Co., Inc. 
1480 8. Robertson Blvd. Los Angeles 35, 
Calit Leonard K. Black 


Fiuores-O-Lite Co. 
Evans Terminal, No. Broad St., Hillside, N. J 


Meyer S@verman 


The Fostoria Pressed Steel — 
Fostoria, Ohio . L. Bates 


A. Framburg & Co. 
3320.28 Carroll Chicago 24, Ill 
Stanley A. Framburg 


The France Mfg. Co. 
10325 Berea Rd., Cleveland 2, Ohio 


7. Mayne 


The Frankelite Co. 
1425 Rockwell Ave. Cleveland 14, Ohio 
Deve Frankel 
Franklin Design Service, Division of 
Safeway Stores, Inc. 
4th & Jackson Sts, P.O. Box 660, Oakland 4, 
Wallace H. Lave 


The Frink Corporation 
2701 Bridge Plaza North, Long Island City, 
N.Y Theo. J. Braseel, Jr 


Gallagher-O'Brien Electric Co., Inc. 
712 N. State St. Chicago 10, Ii 
Prank A 


Garden City Plating & Mfg. Co. 
1750 No. Ashland Ave.. Chicago 22, 
0. G. Harney 


Gallagher 


General Electric Co., Apparatus Dept. 
River Works, 920 Western Ave 
West Lynn, Mass 


General Blectric Co.. Lamp Dept. 
Nela Park, Cleveland 12, Ohic 
W@ard C. Brown 


4. FP. Dickerson 


JUNE 1950 


Blectric 
1260 Boston Ave 


Supply Corp. 
Bridgeport, Cona 


Lighting Products Co. 
468 Frelinghuysen Ave, Newark 5, N. J. 
Nethan H. Aglowstem 


Outdoor Advertising Co., Inc. 
515 So. Leomis St.. Chicago, TU. B. Newius 


The Georgia Power Co. a 
Electric Building, Atlanta 1. Ga 
Charles A. Coller 


aim at 


c 
1919 Piedmont Circle. N. E 


Atlanta, Ge 
R. R. 


Glass & Fixture Co. 
Amber & Tioga Sta. Philadelphia 34 Pa. 
CA. @@ 


Gillinéer Brothers, Inc. 
Erie & Liberty Port Jervis, 
4. Fletcher G@linder 


Gleason-Tiebout Glass Co. 
59-50 St.. Maspeth, 
Charles W 


Globe Lighting Products Co., Inc. 
397 Seventh Ave. Brooklyn, N. ¥ 
Inder Rosenblatt 


( leason 


Godfrey and Wing, Inc. 


141 Superior Ave Cleveland 14. (hte 


Golée Manufacturing Co. 
1214 West Madison. Chicago 


Grand Rapids 
1340 Monroe Ave. N. W., 
Mich 


Graybar Blectric Co., Inc. 
420 Legington Ave. New York 17 

Raymond C 
Gulf States Utilities Co. 
Boz 2951, Beaumont, Texas 


The Baéwin F. Guth Co. 
2615 Washington Ave. St 


Store Bquip. Co. 
Grand Rapids 32, 
Kenneth C. Welch 


Kinney 


Clarence Barron 


Louis 3, Mo 
Pred EB. Guth 


The Hankins Container Co. 
1044 W. 106th St 


Cleveland 11, Ohio 


Ray 1 


Hartford Blectric Light Co. 
266 Pearl St, Hartford 3, Conn 
Vietor Ouellette 


Hawkins Electric Co. 
1447 Washington Bivd.. Chicago 7, 


Co., Inc. 
Long Island City 1, N.Y 
Joseph T. Manuctes 


men 
45-17 Pearson St 


Cleveland 13, Ohie 
HH. B. 


Holdenline Co. 
2301 Seranton Rd 


Holophane Company, In 
342 Madison Ave, New York i7, Nw. 
a. L. Leges 
Home Gas & Blectric Co. 
810 Ninth St.. Greeley, Colo 

©. Giabert Dresser 


Houston Lighting & Power Co. 
P.O. Box 1700, Houston 1, Texas 


Mydro-Blectric Power Comm. of Ont. 
620 University Ave. Toronto, Ontario. 
R. L. Hearn 


Electrical Supply Co. 
700 Weet Jackson Bivd.. Chicago, I! 
JA Tile 


hicklen 


Dilinois Power Co. 
134 East Main St. (L Box 511 B), Decatur 
70, Alen Van Wyck 


Dilaminating Bngineering Co. 
2347 E. Nine Mile Road, Hazel Park, Mich 
Bert C. Preteer 


Iowa-Dlincis Gas & Electric Co. 
United Light Bidg.. Davenport, lows 
John M. Hollingeworth 


Iowa Public Service Co. 
400 Commercial St. Waterioe, lows 


©. R. Wagener 


Jeannette Shade & Wovelty Co. 
N. Fourth St. Jeannette, Pa Oveeh 


Jefersen Blectric Co. 
Bellwood, Ill 


Jersey Central Power & Light Co. 
501 Grand Ave, Asbury Park, N. J. 
D. J. Dowglae 


L. Mawerer 


Joleco tion 
2513 Baldwin St. St Leuis, Mo 


George Ledbetter 


Products Co. 
West Lafayette, Ohio 


Joslyn Mfg. & Supply Co. 
1700 So. Morgan Chicago 9, Ill 
4. A. 


Kansas City Power & Light Co. 
P.O. Box 679. Kansas City 10, Mo 
John M. Arthur, Jr. 


Kansas Gas & Blectric Co. 
P.O. Box 204, Wichita, Kens. A. W. Hobson 


The Kawneer Co. 
North Front St.. Niles, Mich 
Richard M. Spray 


The Kayline Compan 


y 
2480 E. 23nd St. Cleveland 15, Ohie 


Kelso-Burnett 
223 W. Jackson Bivd. 


Tron Works, Inc. 
Nashville Tenn 
Daniels 


Keystone Blectric Manufacturing Co. 
2224-36 E. Tioga St, Philadelphia 34, Pa. 
Leonard M. Siege 


Herman St 


The Kirlin Company 
5435 BE. Jefferson Detroit 7, Mich 


loan Kirtan 


Kopp Glass, Inc. 
Swissvele, Po 


Kubec Blectric Co. 
630 W. Jackson Bivd., 


Ashe 


Chicago 6, Il 
Pred Owten 


The La Salle Lighting Ine. 
145 Senece Buffalo 3, N 
Nelson Zuhermen 


Leader Electric Manufacturing Corp. 
1500 N. Kedzie St. Chicago 18, 
Walter 


The Leeds & Northrup Co. 
4901 Stenton Ave, Philedelphie 44, Pe. 


Libbey Owens Ford Glass Plaskos 
Division 


Toledo, 
Dr. M. A. Bigelow 


Light Control Company 
1217 Casitas Ave. Los Angeles 26, Calif. 
Stanley B. Lindell 


2112-24 Sylvan Ave. 


Lighting & Lampe 
114 East 320d St.. New York 16, N. Y. 
James Krieger 


Lighting Incorporated 
1834 So. Figueroa St. Los Angeles, Calif. 
Harry 


Lighting Products, Inc. 
2259 W. Park Ave.. Highland Park, Il 


Lightolier Co. 
East 56th St.. New York 16, N. Y. 


Stolntts 


Line Material Co. 
Division of McGraw Blectric Co. 
800 North 6th Milwaukee 1, Wis 


M. 


411 


Sustaammng Members 


Booth 
— 
| 
7, M A. Bekim 
W. Goldberg Co. { 
Sigmund A. Hollinger | 
3 
a 
| 
a 
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= 


tre) Curp. 
56 Piessent Watertown 72. Mase 
Pewl H. Lameon 


Inc. 


Preemen 


Lithonia Lighting Products Co. 


Lithesia, Georgia Rebert J 


Louisiana Power & Light Co. 
142 Deleronde St. Station “A 
le 


New Orleans 
Oaterberger 


Laminator, Inc. 
120 N. Peoria Chicago 7, In 
Albert L. Arenberg 
Tv. B. Lyda Manofacturers Rep. 
4022 Washington Bivd Indianapolis, Ind 
rT R lyde 


Lynn Gas & Blectric Co. 
00 Eachange St. Lyon, Mase James 4. Cook 
Macbeth 
rei Hea whargt y 

Norman Macbeth 


Malden Blectric Co. 
157 St. Malden, Mase 


Denald Bennett 


Markel Blectric Products, Inc. 
145 F. Seneca St. Baffale 3. N.Y 
D. Ripley 
La Cle Martineau Blectrique Lte. 
24 rue du Rei, Quebec, Canadas 
Henri Martineeu 


Metalcraft Products Company 
806.048 Cherry St. Philadeiphie 6 Pe 
Vothan 


Metal Window Institute 
Cheltenham. Pa George Hingston 
Metropolitan Bdison Co. 
412 Washington St.. Reading, Pe 

O MeQuiston 
Metropolitan Blectrical Supply Co. 
20 N. Jefferson St, Chicago 6, 10 

J. Privat 


Midwest Chandelier Co. 
& Gentry No Keneas City 16, Mo 
Sidney Lefkorva 


The Miller Co. 
Meriden, Conn GO. W. Beals 


Mississipp! Glass Co. 


Mississippi Power Co. 
Gulfport, Mise RM. Shearer 
Mississippi Power & Light Co. 
Lampten Building, Jackson 113, Mise 

kRW 


Mitchell Manufacturing Co. 
2525 Chieage 14, 
Bernard Mitchell 


yhourn Ave 


Modern Light Co. 
1612 Pine St. St. Louie 3. Mo 
Kart L. Rundberg 
Modern Light & Equip. Co. 
S812 Wabash Ave. Chicago, 
M L. Offenberg 
Moe-Bridges Corp 
1415 Ave Wis 
BR Dewtech 


Sheboygan 


Montana-Dakota Utilities Co. 
#31 Second Ave Seo. Minneapolis 2. Minn 


WwW. L. Hayes 
Municipal Light and Power Dept. 
City of Pasadens, California, 302 City Hall 
Pasadens 1, Calif L. Bettanner 


Mutual Sunset Lamp Mfg. Co., Inc. 
540 Empire State Bidg.. New York 1, N. ¥ 
Morre Thaw 


The Narragansett Blectric Co. 
49 Westminster 


Providence 1. KR. I 
C Broadhead 


We mhers 


Sustaining 


National Chemical ® Manufacturing Co. 
Laminall Paint Div. 
1617 Bo May St. Chicago 9, I 

John Marshall Ziv 


Mational Lighting Products 
4221 W. Harrison St, Chicago 24, Il. 
D. J. Epp 


NWelson-Tombacher Co. 
#1 Prospect St. Brooklyn, N. ¥ 
M. J. Teombacher 


New Bedford Gas & Bdison Light Co. 
695 Purchase &t.. New Bedford, Mass 
W. 8S. Penstermacher 


New Orleans Public Service, Inc. 
117 Beronne St. New Orleans, Lae 
LL. Dewan 


New York Light Corp 

Albany 1, N Coburn Hollwater 

Northern Electric Co. Ltd. 

1620 Notre Dame St., West, Montreal, Quebec 
P. Labey 


Northern Indiana Public Service Co. 
265 Hehman Ave nd, te 


JC Sackman 


Hamme 


Northern States Power Co. 
Minneapolis 2, Minn Carl T. Bremicker 


Ohio Edison Co. (Akron bay 
Akron 8, Obie FP. Hartenstein 


The Ohio Power Co. 
101 315 Cleveland Ave, 8. W., Canton 2. Ohie 


B. 
The Ohio Public Service Co. 
PO. Boa 6058. Cleveland 1, Obie 


Cc. L. Duna 
Oklahoma Gas & Blectric Co. 


Box 1498, Oklahoma City 1, Okla 
Gray 
Omaha Public Power District 
720 Electric Bidg.. (maha 2, Nebraska 
B. E. Schwalm 
Overbagh & Ayres Mfg. Co. 
411 Clinten St, Chicago 77 
Alfred Overbegh 
Pacific Gas & Blectric Co 
245 Mirket St. San Francisco 5. Calif 
O. R. Deere 
Pacific Power & Light Co. 
522 Public Service Bldg, Portland 4. Oregon 
C. A. Root 


Peerless Electric Lta. 
1000 Pratt Ave. Outremont, Quebec 
L. A. Ven Duser 
Pennsylvania Electric Co. 
535 Vine St.. Johnstown, Pa 


Frank R. Knowles 


Pennsylvania Power Co. 


19 EF. Washington St, New Castle, Pa 
P. G. Dingledy 
Pennsylvania Power & Light Co. 
901 St Allentown 
M. Stedman 
Pennsylvania Wire Glass Co. 
1612 Market St Philadelphia 3, Pa 
Dr. Prank W. Preston 
The Perfeclite Company 
1457 40th St Cleveland, 
Joseph L. Jaffe, Jr 
Blectric Co. 
Chestnut St. Philadelphia 5, Pa 


H. B. Bryans 


ae Blectrical & Mfg. Co. 
036 N. Sist St.. Philadelphia 21. Pa 
RA 


Manwaenng 


Phoenix Glass Co. 
Monaca. Pa 


Blectric Co. 
S67 West Adams St 


Chicago 6, Il. 
John H. Pierce 


Pittsburgh Corning Corp. 
307 Fourth Ave., Pittsburgh, Pa. 
Robert W. McKiniey 


Pittsburgh Plate Glass Co. 
Grant Bidg., Pittsburgh 19, Ps 
R. B. Tucker 


Pittsburgh Reflector Co. 


403-411 Oliver Bldg., Pittsburgh 22. Psa 
H. C. Linameister 


Portland General Electric Co. 


Electric Bldg. Portland 5, Ore W. Pier 


The Potomac Bdison Co. 
55 E. Washington St 


Hagerstown, Md 
S. 8. Bradferé 


Public Service Co. of Colo. 


900 Fifteenth St.. Denver, Colo @. B. Buch 
Public Service Co. of Inc. 
110 N. IDinois Indianapolis 9, Ind 

G. O. Stewer. 


Public Service Co. of Northern MDilinols 
72 West Adams Chicago 3, Ill 
@. RK. Hardacre 


Public Service Co. of ae 
Bos 201. Tulsa 2. Okis N. Robinson 


Public Service Blectric & Gas Co. 


#0 Park Place, Newark 2, XN. J 
A. P. J. Steinmeta 
Sound Power & Light Co. 
860 Stuart Bidg., Seattle 11, Wash 


Prenk McLaughta 
The Pyle-National Co. 
1334 N. Kostner Ave. Chicago 51, Il 
B. McDeweu 


Quadrangle Mfg. Co. 
32 So. Peoria St.. Chicago 7. Ii) 


Dwight B. Worre® 


Quaker City Blectric Mfg. Co. 
i 
Re en Haberman 


Quebec Hydro-Electric Commission 
107 Craig St. West, Montreal, Que 
Paul EB. Pottres 


Quebec Power Co. 
229 St. Joseph St.. Quebec, Que 


Jean Saint Jacques 


Rambusch Decorating Co. 
40 W. 13th St.. New York 11, N. ¥ 
Edward Rambuach 


Revere Electric Mfg. Co. 
6009-17 N. Broadway, Chicago 40, Il 
Van N. Marker 


Revere Electric Supply Co. 
757 Jackson Bivd. Chicago, Ill 
Floyd 
Rochester Gas & Electric Corp. 
we 


#9 East Ave. Rochester 4, N 
Prank C. Tayler 


Rockland & Power Co. 
Nyack, N 


Schaad 


Rohm and Haas Co. 
222 W. Washington Sq. Philadelphia 5, Pe. 


Tetelag 


Ruby-Philite Corp. 
42.02 Queens Bivd.. Long Island City 1, N. ¥ 


Lows Phillipe 
Rumsey Electric Co. 
1007 Arch St. Philadelphia 7, Pa 

T. W. Lewer 


Byall Electric Supply Co. 


1160 Stout, Denver, Colo Cc. O. Rye 
S & M Lamp Co. 
119 West 36th Place, Los Angeles 54, Calif. 


Jim Shirrefe 


The Safety Car Heating & Lighting Co. 
P.O. Box 904, New Haven 4. Conn 
Leonard Pierson 
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St. Joseph Ry. Light, Meat & Power Co. 
520 Francis St.. St. Joseph 2, Mo 
P. O'Conner 


Sandee Manufacturing Co. 
5050 Foster Ave. Chicago, Il) 
Cortes N. Sprankle 


f ring Co. 


Leomis Place, Chicago 9, Tl 
4. L. Sande 


3618 So 


San Diego Gas & Electric Co. 
P.O. Bex 1831, Sen Diego 12, Calif 
4. B. 


Savannah Electric & Power Co. 
Savannah, ta L. Davidson 
Schockett Blectric Co. 
1061 Broadway St. Denver 3, Colo 

Cart Schranz, Jr 


Supply 
164 8. Broadway, Avrors, [0 
Deme Schowmer 


The Scott-Jaqua Co. Inc. 
316 Indiana Terminal Warehouse Bidg.. In 


dianapolis, Ind RyronG Jaqua 


The Albert Sechrist Mfg. Co. 
1717 Legan St.. Denver 5, Colo 
K. L. 
L. J. Segil Co. 
2500 W. North Ave. Chicago. Ill 
Rosenstew 


Sha Water and Power Co. 
600 Dorchester St.. W., Montreal. Que 
J. K. 


The Sherwin-Williams Co. 
101 Prospect Ave, N. W., Cleveland 1, Ohio 
4. A. Meacham 


The Sight Light Corp. 
P.O. Drawer C, Deep River, Conn 


L. Canfield 


Silvray Lighting, Inc. 
R. K. ©. Bidg. Radio City, New York 20, 
M. Gilbert 


Sioux City Gas & Electric Co. 
615 Fifth St.. Sioux City 4, lowa C. BR. Tracy 


4. L. Smith Iron Co. 
217 Everett Ave, Chelsea, Mass 
Joseph Fishman 


Smoot-Holman Co. 
321 No. Eucalyptus Ave. Inglewood, Calif. 


L. 4. Hobdbs 


Bola Electric Co. 
4633 W. 16th St., Chicago 50, Il 
L Marechal 


Solar Light Mfg. Co. 
1357 8. Jefferson St.. Chicago 7, Ill 
4. Laserson 


The Solex Co. Ltd. 
280 Faillon St, West, Montreal, Que 
Leon Beauchamp 


Southern Calif. Bdison Co., Ltd. 
601 Weet th St Loe Angeles ‘a 
Roy B. Dahlin 
Southern Canada Power Co. Ltd 
355 James St. West, Montreal, Que 
George R. Atchineon 
Southern Colorado Power Co. 
Box 75, Pueblo, Cole 
G. W. Milikes 


Southern Indiana Gas & Elec. Co. 

P.O. Box 569, Evansville 2, Ind 
C.K 

Southern Lighting Mfg. Co. 

P.O. Box 2546, Orlando, Fla 


Graham 


Maz K. Aulick 


Southwestern Gas & Elec. Co. 
Boz 1106, Shreveport, La 


Southwestern Public Service Co. 
Amarillo, Texas 


Eliott 


4.8 


Cunninghaw 
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The Spero Blectric Corp. 
182223 Lanken Ave. Cleveland, Ohio 
Herbert 1. 


Stanley Electric Mig. Co. 
1234 Carpenter St. Philadelphia 47, Pa 
Bernard 8. Heller 


Steber Manufacturing Co. 
2700 Roosevelt Rd, Broadview, Maywood, I 
D. 


Steiner Co. 
3500 Milwaukee Ave.. Chicago 41, Il 
George Steiner 


Sterling Mfg. Co. 
2249 West Grand Ave. Chicago 51, 
Anton Oberhuber 


Stone Manufacturing Co. 
450 Henry St. Elizabeth 4 N 
Rurt Wedame 


Sunbeam Lighting Co. 
777 E. 14th Place, Les Angeles 11, Calif 
Herbert L. Erieger 


Sun-Lite Manufacturing Co. 
2555 Bellevue Ave. Detroit 7, Mich 
Pred Binder 
Sun-Ray Fluorescent Co. 
600 South Michigan Ave., Chicago, I 
Jerome Gimbei 


Sylvania Electric Products, Inc. 
1740 Broadway, New York 19 N. ¥ 
Caverly 
Tampa Electric Co. 
Cases & Tampa Sts. Tampa 1, Fi 
PF. J. Gannon 


Frank C. Teal Co. 
22224 E. Jefferson, Detroit 7, Mich 
Harold C. Smith 
Texas Electric Service Co. 
Flectriec Bldg. Fort Worth 1, Texas 


R. BE. Hendricks 


Thompson Electric Co. 
1101 Power Ave. N. E., Cleveland 14, Ohic 
Thayer B. Farrington 


Thompson-Wilson Company 
737 N 


Spring St Atlant 


Toledo Edison Co. 
Edison Bidg., Toledo 4, Ohio 


Charles A. Harrweon 


Toronto Mydro-Electric System 
14 Cariton Torento 2, Ont 

4. W. J. Stewart 
Torstenson Glass Co. 
$233 N. Sheffield Ave.. Chicago 13, I 
Eimer L. Teretenson 


Triangle Industries 
600 W. Adame St., Chicago, Il) 
Leonard Cohen 
Tristate Electrical Supply Co., Inc. 
Hagerstown, Md 
Robert A 


Potomac Street 


Tru-Lite Ltd. 
#24 Notre Dame St. W., Montreal, Que 


Omer M. Trude 


Underwriters’ Laboratories, Inc. 
207 E. Ohie Chicago 11, IN 
Perd. Newmer 


Union Blectric Co. of Missouri 
12th & Locust Sts, St. Louis 1, Mo 
“ 


L. Berry 
Union Metal Mfg. Co. 


Centon 5, Ohio 


Unistrut Corp. 
4118 Monroe Ave 


W. A. Porterfield 


Wayne, Mich 
James W. Attwood 


The United Dluminating Co. 
80 Temple St New Haven 6, Conn. 


B. Haskell 


United Manufacturing Co. 

Div. United Advertising Corp. 

190 Whalley Ave, New Haven, Conn 
Wdlieam KR. Harru 


Utah Power & Light Co. 
Box 699. Salt Lake City 10, Utah 
W. A. Huckine 


Verd-a-Bay 
615 Front St 


John C. Virden Co. 
6009-6103 Longfellow Ave 


Corp. 
Toledo 5. Ohio 0. 8. Lew 


Cleveland 3. Ohie 
WwW. @. Sewyer 


John C. Virden, Ltd. 

35 Front St.. East, Toreste, cnt, 

P.@ Kirkpetrict 
Biectric & Power Ce 

Richmond, Va 

Voigt Co. 

1649 Ne. Broad St. Philadelphia 29, Pa. 

C. Prank 


The F. W. Wakefield Brass Co. 
Vermilien, Ohio A. PF. Webetela 


Warren Blectric Co. 
PO. Bex 2594, Heuston, Texas 


R Thempece 
The Washington Water Power Co. 
P.O. Drawer 1445, Spokane 6, Wash 

Cert L. Hefmae 
The Watson Standard Co. 


25 Galveston Ave. Pittsburgh 12, Pa. 
Striker 


Welsbach Engineering and Management 
Corp. 


Walnut St. Philadelphia 3, Pe 


A ame 
Westinghouse Blectric Corp. 
1216 W. 656th St. Cleveland 1, 
Box 5817) 


Westinghouse Blectric Supply Ce. 
113 North May Chicago 7, ID 
Henry Oreck 


Ohie (P.O. 
WF. White 


Westinghouse Lamp Div. 
Bloomfield, N. J Samuel @. Hibben 


West Penn Power Co. 
14 Wood St., Pittsburgh 30, Pe. 
Harry Reetofeks 


The Wheeler Insulated Wire Co., Inc. 
150 E. Aurora St, Waterbury 01, Conn 
George B. Horn 


Wheeler Reflector Co. 
275 Congress &t.. Boston 10, Mase 
K. A. Sawin 


Wiedenback-Brown Co., Inc. 
111 Eighth Ave, New York 11, N. ¥ 
W.C. Stockberger 


BR. & W. Wiley, Inc. 
119 Dearborn St., Buffalo 7, N. Y¥ 
Alderman 
B. Williams Products Co. 
108 8. Main 8t., Carthage, Mo 
B. Wiliams, Jr 


Wilmot Castle Co. 
1255 University Ave, Rochester 7, N. ¥ 
Greppin 
J. A. Wilson Lighting & Display Ltd. 
@ Morrison &t., Toronto, Ont J. A. Wieon 


The Windsor Utilities Comm. Mydro 
Div. 
Ont 


149 Chatham St, W., Windsor, 
W. A. Shee 


The Wiremold Company 
Hartford 10, Conn D. Hayes Murphy 
Wisconsin Blectric Power Co. 
Public Service Bidg.. Milwaukee 1, Wis. 

G. W. Von Dersee 
Wisconsin Gas & Blec. Co. 
100 Third St, Racine, Wis H. Dunham 
Wisconsin Power & Light Co. 


122 W. Washington Ave, Madison 1, Wis 
7. D. Heward 


Wisconsin Public Service Corp. 
Green Bay, Wie 4. @. Bur 


Worcester County Electric Co. 
11 Foster St.. Worcester, Mass. 
Fred B. Littlefield 
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here are 


Full information on recent G-E 


ballast developments is avail- 
able through your nearest 
General Electric Apparatus 
Sales Office —or, if more con- 
venient, write direct to Ballast 
Sales Division, General Electric 
Company, Fort Wayne, Ind., 
and your request will receive 
prompt attention. 

Apparatus Department, Gen- 
eral Electric Co., Schenectady 
5, New York. 


new G-E at 
you should know about 


NEW! TRIGGER START BALLASTS 
for instant starting operation of 32- 
wott circline and 20-wott stondord 
lamps. Eliminete storters completely 
A natural soles booster for residen- 
thal-type fixtures 


NEW! SMALL CROSS-SECTION TU- 
LAMP bollost for 40-watt lamps. De- 
signed to give quiet operction in 
small-channel fixtures. Only 2% 
inches wide and 1% inches hight 
Maximum performance from this nor- 


row cross-section ballast. 


NEW! SMALLER, LOW4AOSS SERIES 


BALLASTS for 96712, 72712, 48712, 
and other instant-starting 40-woft rat- 


ings. Lomps operated in series. Cost 
is lower, efficiency higher Deliver 
more dollors of light per dollar of 
ballosw 


ELECTRIC 


NEW! LOWER-PRICED, QUIETER 
single-lomp ballasts (either vuncor- 
rected, or high-power factor) for 
30- and 40-watt lomps. New electrical 
design means more efficient opera- 
tion than ever before. New type con- 
struction has made possible extremely 
low noise levels. 


NEW! FOURAAMP SEQUENCE 
START ballast for 85-watt stondord 
lamps. Provides high operational 
efficiency with low installation costs. 


The most economical lighting for many 
applications —-industriats in particular. 


NEW! BALLASTS FOR OUTDOOR 
SIGNS ond other outdoor fluorescent 
fixtures. Special leads and capacitors 


permit operation at temperatures as 
low as — 20° F. UL listed. Available in 
standard Slimline and Instant-starting 


40.watt ratings 


LLU MINATING 


ENGINEERING 


fixture carton, or the 
familiar G-E ballast tag 
ballast performance. an an an ane 
Buy — when you see the 
G-£ ballast label or tag. 
46 
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Now! For the First Time — 
Circles! Curves! Any Angle! 


Sensationally new in concept, quality- 
buile in the Day-Brite tradition, 
PLEXOLINE is making headline 
news. Since its recent debut, lighting 
experts have discovered and praised 
Plexoline’s unprecedented ability to 
achieve unlimited custom-lighting ef 


fects without premium cost. 


SIMPLE, PRACTICAL PRINCIPLE 
Three basic elements form the PLEX- 


OLINE system: 1. Linear section; 2. 
Circular accent unit; 3. Adapter fit- 
ting. The two illustrations show how 
the elements are used in combination 
to form any lighting pattern desired. 
All elements are complete in them- 


selves, may be used individually. 


j 
| 
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PLEXOLINE AND IMAGINATION—AN UNBEATABLE SELLING COMBINATIONE 


Never before such wonderful possibilities for store and showroom lighting! Dramatic, 
beautiful PLEXOLINE creations put light where you want it .. . how you wont it! Straight 
linear sections for offices, schools, colleges, banks, public buildings. 


THE ONLY LIGHTING SYSTEM WITH TRULY UNLIMITED " FLEX-ABILITY” 


What does PLEXOLINE mean to 
you? It means new freedom for 
your imagination. It means a line of 
ligint following a gently curving wail 
contour . . . angular patterns of light 

. circles .. . any design. It means— 
for the first time in history—all the 
advantages of custom-lighting with 


THE PLEXOLINE SYSTEM 


guNE 1950 


CIRCULAR ACCENT UNITS—15" end 
21” diameter, with fixed Contrelens® 
or adjustable spe! mechanism Luminevs 
sides. Surface mounted only. 


ADAPTERS — Uniform, die-formed, 
steel—in two sizes te fit circular units. 


Rdapte: tor ese core 


all the economies of a mass-produced 
system of fixtures. 


Today, send for the whole amazing story 
of PLEXOLINE. Fill out and mail the 
coupon below. See for yourself what 
PLEXOLINE's unique “flex-ability” 


can do for you! 


DECIDEDLY BETTER 


DAY-BRITE 
Lighting 


Day-Brite Lighting, Inc. 

5432 Bulwer Ave., St. Lowis 7, Mo. 

in Conada: Amalgamated Elec. Corp., Lid., 
Teronte 6, Ontario 


Please send me your FREE booklet, 
“PLEXOLINEIMAGINATION AT WORK" 
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LINEAR SECTIONS—For Slimline ond stond- | 
ord Fivorescent, 2- ond 4-light, 4’, 6’, end | 
| lengths, surface or suspension mounted. | 
Albalite gloss side panels, interlocked steel 
6A 
“4 
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PLEXIGL 
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A Lighting Fixture As Big As The Room. Prexictas diffusing 
panels in control room of Philadelphia Electric Company generating 
station. Large sections of white translucent PLexicras, installed 
wall-to-wall below cold cathode tubes, give excellent glare- 
free illumination 


Three things happen when you install PLexicias 
Lighting Fixtures: — 
Glare and eyestrain take a permanent holiday. 
Personnel efficiency and morale go kiting. 
Lighting maintenance tumbles to a new low. 


White translucent PLexictas diffuses light so com- 
pletely that glare simply vanishes. Brightness ratios 
are remarkably low, yet minimum absorption and 
maximum transmission of light give full, even illumi- 
nation throughout any room. Maintenance costs are 
negligible because PLexictas is light, strong, shatter- 
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No Glare— No Shadows. Installed by Texas Electric Service Co., Fort Worth, in their own sales office, this wall-to-wall luminous 
ceiling gives glare-free, completely diffused illumination throughout the room. Footcandle reading is 99, with diffusing panels — 
110 without panels. This remarkable efficiency is possible only because white translucent Piexictas absorbs no light, 
Corrugations run in opposite directions in adjoining panels, providing an interesting decorative pattern. Lighted by 66 T12 
Slimlines operated at 425 ma and 107 T8 Slimlines operated at 200 ma 


resistant—proof against discoloration from fluores- WRITE FOR THIS FREE LITERATURE TODAY... 
cent lighting. ond ask ony questions you wish about PLEXIGLAS acrylic 
plastic for lighting 


Because PLEXIGLAS weighs less than half as much as 
glass, it’s easy to install—even in large sections for Pranicias is a trademark, Reg US Pas. Off and in principal foregn countries Wa 


wall-to-wall luminous ceilings. And because PLEXIGLAS 


is easily cut, shaped, machined and fabricated, it CHEMICALS FOR INDUSTRY 
adapts readily to coffer, cove or trough lighting, com- 


pletely enclosed units, wall or overhead lighting of all 
kinds. For full details of PLexicias Quality Lightin —— 

| | OHM E HAAS 
in banks, stores, drafting rooms and classrooms, send & Plastics, 
for free literature today. There's no obligation. COMPANY he 


Teroate, Oot 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Representauien in principal forrgn 
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New Krypton-Argon Lamps 
Cut Fluorescent Cost 


This new Westinghouse lamp. containing equal 
amounts of krypten and argon gases, produces 4360 
lumens . . six percent more light than the 5-watt 
lamp which it supersedes . at a total electrical in- 
crease of only three watts. 

The size of the lamp remains the same + feet 
long and 2! inches diameter... and operates in either 


85-watt or the old LOO-watt lighting equipment. The 


lamp is 17 percent more efficient than the 
watt, all-argon lamp which the &5-watt lamp had re 
placed... and it triples the light output of a LOOQ.watt 
incandescent bulb 

The new 90-watt lamp is available in the five stand- 
ard shades of white. For more information about this 
new cost-cutting lamp. call your Westinghouse Lamp 
Distributor or write to Lamp Division. Westinghouse 


blectric Corporation, Bloomfield, New Jersey. 


you CAN BE SURE...1F iTS 


Westinghouse 
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SCENT LIGHTING FIXTURES 
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WITH SANDEE FLUORESCENT PANELS! 


1. SAVE SAFELY..with UNIFORM FULL THICKNESS! 

2. SAVE SAFELY..with ELIMINATION OF DANGEROUS OVERHEAD WEIGHT 
3. SAVE SAFELY..with BREAKAGE REDUCTION OF 80% TO 90%! 
4. SAVE SAFELY. . with LOWER SHIPPING COSTS .. (ABOUT 4 THE WEIGHT OF GLASS) 
5. SAVE SAFELY... with QUALITY THAT GIVES LONG TERM SATISFACTION 


added features that bring added savings . . 


Standard panels, widths — 2" to 6"..No die cost.. Light stabilized .. Clear or 
translucent white .. Flat or convex uniform radius. Get bigger value. Ask for 
samples and prices today ! 
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WORLD'S LARGEST CUSTOM EXTRUDERS OF PLASTICS FOR ALL INDUSTRIES “Shas 
June 1950 10A 


HOLOPHANE Lighting in the newly modernized 
Chamber of the United States Senate. 


DAVID LYNN, Architect of the Capitol 

FRANCIS P. SULLIVAN, Associate Architect 

THOMAS W. MARSHALL & JAMES M. GONGWER, 
Consulting Engineers 

HARBESON, HOUGH, LIVINGSTON & LARSON, 
Consultants 


LEO H. CLEARY, Electrical Engineer 


In the reconstruction and remodeling of both Houses of 
Congress, HOLOPHANE units were selected. The special- 
ized knowledge and long-time experience of HOLOPHANE 
engineers were called upon once again to integrate the 
lighting with the needs of an important interior. 


HOLOPHANE Engineering Service, for 
which there is no charge, stands 
ready to help you with your needs. 


OLOPH A Com PA Y, inc. CONTROLENS* installation around 
Lighting Authorities Since 1898 242 MADISON AVENUE, NEW YORK 17, N.Y. coveenits open fer 
THE HOLOPHANE COMPANY, LTD., THE QUEENSWAY, TORONTO 14, ONTARIO 
*Reg. U. S. Pat. Of. 
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Most of the light is directed 
upward through inside-Srosted 
portion of the lamp. 


Here it is, actual size — 
General Electric's new 
50-GA lamp! 30-watts. 
List price, QQ¢ ples tex 


> 


Ename/ coating on under- 
portion of lamp softens the 
downward light. 


eneral Electric announces 


... for everyone who has 
fixtures like these 


ERE’S a new General Electric lamp bulb to meet 


H 


fixtures like those shown here. Specifically designed 


the needs of people everywhere who have ceiling 


for overhead lighting fixtures where bare lamps in 
base-up position are now used, this new lamp adds 
beauty to chandeliers and fixtures, gives a charming, 
indirect-lighting effect, softens the light to flatter home 


furnishings and complexions. 


» 


The secret lies in a revolutionary new shape which 
directs much of the light upward, plus an enamel coat- 
ing on the lower part of the lamp which gives the 
downward light added glamour and warmth. 

Designated the 50-GA lamp, it is now available in 
50-watt size, at 40¢, plus tax. It's another example of 
the General Electric research that works constantly 
to make G-E lamps STAY BRIGHTER LONGER. 


GENERAL ELECTRIC 
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*Combertable Seeing light you need. exactly where you need it, economically 


Here « Sevmour, Indiana, another town that has switehed from dangerous 
darkness to leadership in light. City officials realized the inadequacy of their 20 
year old lightong system, and that proper lighting would be a business attraction. 
With the help of their loeal utility. Seymour deeded on a General Blectric 
Comtortable Seerng installation for their business and residential areas 
Now the business streets are flooded with soft. eve-easing light — brightening the 
store fronts for shoppers umiformly laminating the street for the safety of 
both pedestrians and drivers 
The light on Seymour's residential streets ix being more than doubled as old- 
«tyle radial wave reflectors are re pl reed by modern Suburban Reflectors. Phote- 
celle on the modern control cireuit automatically turn light. on when 
thes are needed 
TRADE FOLLOWS THE LIGHT 

Business streets should he lighted in a manner whieh favorably mfluences and 
ittracts night tome shoppers Lighting and background are often pust a- impertant 
in metivating sales as the merchandise itvelf. This has long been recognized in 

onection with show windows and <tere interneors. but only un recent vears are 
thre pevehel gual p of extersor being realized 
Plan on omfortable Seeang when relightung vour town. General Flectrie has 
the lumuinarre which w exactly meet the needs of wour business districts, and 
residential areas. The lighting spec n the nearest Gb Apparatus Depart 
ment Sales Offee can give wou all the details Ippearatus Dheperrtn 


Electric Company. Schenectads 


Ceneral 


This is the Form 79AS 
an effective luminaire 
for main street lighting 


It's a large-size ornamental unit with 
a circular light distribution (LES. Type 
V). Has an Alzak? processed alumi- 
num reflector, light-diffusing rippled 
globe, die-cast aluminum casing and 
hinged globe holder. Burns 4000 to 
15,000-lumen series lamps, 300- to 
860-watt multiple lamps. 


Monvtactored unter potent: of the Alumnum Corporatio 
of Amero 


ELECTRIC 
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Crowell. Collier Building, New York, N.Y. 

Architect: Leonord Schultze Associotes, New York, N.Y. 
Fixture Monvfocturer Miller Company, Meriden, Conn. 
Electrical Contractor K. Comstock, New York, NLY 
Gloss CORNING ALBA-LITE in 2,600 Reflector Sections 


Corning ALBA-LITE for Crowell-Collier Building! 


Affords efficient control of fluorescent lighting, 


accentuates color quality 


High etherency in lighting glassware is always maintained. The even light transmission and 


important. It can mean fewer hxcures, better negligible color distortion contribute to har- 


foot-candle values, a more harmonious cnviron montious decoration 
High efficiency is only one advantage of ALBA- 
LITE. It can be bent as required, affording un 


limited design flexibility. Widths vary from 2” to 


ment in which to work. It was for these reasons 
that Corning ALBA-LITE was specified for the 
Crowell-Collicr Building 


ALBA-LITE ditfusely 


the light and diffusely retlects 25 to 35; , making 


transmits 60 to 65°) of 24” lengths from 8" to 100". ALBA-LITE will not 

warp, discolor, scratch or attract dust. The smooth 

surtace of ALBA-LITE makes cleaning casy 
Bulletin LS-17 gives you complete details on 


ALBA-LITE and illustrates many ways 


its etlicrency greater than 90°,. Yet its diffusing 
qualities assure maximum obscurity of light 
source and minimum pancl brightness. In the Corning 
new Crowell-Collicr Building offices ilustrated it is being used. It is yours for the asking. Sign 
above, 45-50 foot candles of tllumination are and return coupon below today for your copy 


CORNING GLASS WORKS | CORNINCGLASS WORKS 
Dept. IE-6, Corning, N. Y. 


COR NING, NEW YORK Please send me o free copy of your bulletin LS-17 describing 
CORNING ALBA.-LITE. 


meant research in Title 


FOR EFFICIENT, ATTRACTIVE LIGHTING... 
CORNING ALBA-LITE for diffusion of fuorescent light .. CORNING FOTA.-LITE for high lowe! 
nation .. . CORNING brand LENS PANELS and PYREX brand LENSLUTES for prismatic ight contro! 
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PHOTOVOLT 
UNIVERSAL PHOTOMETER 


A photoelectric foot-candle meter of high sensitivity 
for accurate measurement of all types of illumination. 
© 4 measuring ranges: 0-5, 0-25, 0-100, 0-500 ft.-<di. 
@ Simple in operation, dependable, conveniently portable 
@ Available with cosine-corrected photocell search unit 
Also: Mod. 210 with twin-photocell search unit and 
0.005 ft.-cdl. / div. for clear registration of lowest 
light levels in street and highway lighting surveys. 
Write for Bull. No. 200 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


DUNBAR Recessed Lens 


For the firs re are recessed drop lenses whi 


aive added light ‘In te the general 

ther fim nially te merense the efficiency of 
thie type 

ars designers, Reinecke and Associates, have 
reated several new decorative panels for residential as well 
ate 
nbar fee r write diret 


Quntar Ca 


DUNBAR, Wet 
NEW YORK CHICAGO CLEVELAND 


Corporation | 


VIRGINIA 
LOS ANGELES 


ASSURES 


BETTER LIGHT 


eliminate “strobe” effect, provide more 
output, longer lamp life, quiet opero- 

tien.. Their better performance assure your 


customer's satisfaction 


ACME ELECTRIC CORPORATION 
296 WATER STREET CUBA, N.Y. 


Are YOU ‘ 


Up to the minute in Lighting Practice? 


1. E. S. LIGHTING DATA SHEETS 


SERIES XV 


are the last word in lighting applications! 


Subscriptions are now being 
taken for the complete Se- 
ries XV, 24 sheets in all; 
the first eight ready for im- 
mediate mailing. Subscrip- 
tion $1.25 singly — special 
binder $1.50. 


Publications Office 


ILLUMINATING ENGINEERING SOCIETY 
51 MADISON AVENUE NEW YORK 10, N.Y 


ILL. MINATING 
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REPRESENTATIVES 
ABROAD WANTED 
Brite _Lighti ing. Ine B 
St. La 7. whe make 
commercial and industrial fi 
fixtaree ie expanding the 
ganization. They have 
te offer members o 
tries and invite 
parties 


STREET LIGHTING DESIGNER 
WANTED 


Established manufacturer of 
outdoor lighting equipment has 
opening for a top flight lighting 
engineer who combines adminis 
trative ability with design and 
development experience in street 
lighting. This position is per 
manent with unusual promotion 
al possibilities. Starting salary 
$5,000 to $6,000 a year. Only 
engineers whose ability has been 
proven by experience will be 


mnsidered 


Address Box 131, Illuminating 
Engineering Society, Publica 
tions Office, 51 Madison Ave., 


New York 10, N. Y 


(Air-Therma!l Control} 


FLUORESCENT STARTERS 
PROTECT 
YOUR LAMP LIFE 


YOUR BALLASTS 


YOU FROM COSTLY 
MAINTENANCE 


THROUGH 


Uninterrupted filament preheot- 
ing providing consistent one- 
cycle starting. 


Automatic cut-out of detective or 
deactivated lamp. 


Automatic reset after cut-out con- 
ditions corrected. 


See your supplier or write us 


INDUSTRIAL STARTER CORP, 
6 Pell St, New York 13, N. Y. 
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has all the advantages 
of the 8-ft. lamp- 
but scaled down to human, handy size 


Easier Service and Maintenance 


ONE MAN.. 
mount it, maneuver it 


© No starters — no starter trouble 

e Virtually same lumen output per foot as 8-ft. 
lamps 

e Easier to store 

e Safer—safety codes in large national 
organizations require 2 men to handle 
anything longer than a man’s height 


.can carry it, relamp it 


Available in every 2 or 4 — 40W fluorescent 
fixture in the complete GUTH line. For full 
details, call your nearest GUTH Resident 
Engineer or write todoy for Bulletin 871-1 


IGHTING 


THE EDWIN F. GUTH COMPANY / ST.LOUIS 3, MISSOURI 


<4 LPS 
to carry one 8-ft. lamp. . . 
sales oF 
carry eight 4-ft. lamps? 
F q 
4 
“a ) 
2 
q 
deader > dightung 19°02 
29 
IGA 


Acme Electric Corp. 


Corning Glass Works 


Day-Brite Lighting Inc. 


Dunbar Glass Corp. 


General Electric Co., Apparatus 


General Electric Co., Lamp 


Edwin F. Guth Co. 


Holophane Co. Inc. 


Industrial Starter Corp. 


Kopp Glass Inc. 


For Lenses and Filters Litecontrol Corp. SA , 


as YOU Want them... Mitchell Manufacturing Co 4A 
K p A Photovolt Corp 15A 


' Pittsburgh Reflector Co. 18A 
' The engineering and manufacturing skill of 
the Kopp Glass organization guarantees lenses 
and filters as YOU want them. Colors are 
faithfully produced and accurately duplicated 
Beam control designs give the results you Sandee Manufacturing Co 10A 
desire, whether you want the light diffused, 
concentrated, spread or a combination of 
these. Kopp Glass lenses are dimensionally Sunbeam Lighting Co. 19A 
accurate and uniform. 

Write for the 24-page bulletin which 
describes Kopp products and services. 


Rohm & Haas Co., Plastics Div. 7A, 8A 


Sylvania Electric Products Inc. Back Cover 


KOPP GLASS, INC. F. W. Wakefield Brass Co Inside Front Cover 


Westinghouse Electric Corp., Lamps 9A 


SWISSVALE, PA. Westinghouse Electric Corp., Lighting 1A 
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@ ECONOMICAL INITIAL COST 


Simplified design and construction of the basic 
chassis, side-panels and reflecta-louver assembly 
result in production economies which are passed 
on to the ultimate users. 


@ LOW INSTALLATION COST 


One man, working from the side and not from the 
bottom, hangs the bare chassis in a minimum of 
time. Side-panel and reflecta-louver assembly snap 
into position after the chassis is hung; no tools 
required. The 8-foot chassis requires less hangers 
and less installation time 


MAXIMUM EFFICIENCY 

Permaflector Lighting Engineers have designed the 
Monroe to give efficiencies up to 83°, with 25-35 
shielding. Brightness comes well within the 1.E.S 
recommendations 


Company 


PITTSEUAGH 22. 


‘Distributed by Be Electrical Whoreselers 


@ SIMPLIFIED MAINTENANCE 


Cleaning or relamping is fast and simple. Reflectas 
louver assembly hinges down from either side; full« 
length fibre-plate snaps out quickly for easy access 
to wiring channel and ballast. i 


FLEXIBLE APPLICATION 
Plastic, aluminum or steel side-panels . reflector« 
closures that attach for totally direct lighting . . . 
and individual or inline installation with or without 
hangers—make the Monroe the ‘ideal’ unit for 
many varied applications. 


THESE ADVANTAGES ADD UP TO 
ALL AROUND LIGHTING ECONOMY! 


Write tedey fer complete detells on this exceptional 
series of Avorescent lumineires. 


PITTSBURGH REFLECTOR COMPANY 
411 Oliver Bidg., Pittsburgh 22, Pa. 


Please send me your bulletin which describes the 
Monroe Series in deteil and shows 
photometric end installation deteils. 

Name. 


Title___ 
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CAMLOC FASTENERS: Twist 180 


RLM CERTIFICATE: Means compliance with speci- 
fications under approved inspection procedure 
of RLM Standards Institute, Certified by Elec- 
trical Testing Laboratories, Inc 


DESIGNED FOR CONTINUOUS RUN MOUNT- 
ING: Channel approved for continuous 
wireway 


to release re- 
flector. Fasteners are aircraft-type, shake-proof, 
vibration. proof 


SU AY company 


777 EAST 14TH PLACE + LOS ANGELES 21, CALIF. 
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California howe we 


1.E.S. 
Caltfornia 


+ 


NOW SEE THE LIGHTING OF ALL THE WEST 
« (FROM SAN DIEGO TO SEATTLE) 


of Southern Californie, 2601 S. Figueroa, Los Angeles, Calif. 


HIGHLIGHTS seeing and seeing measurements. 


8 ment, and mercury sources and their applications. 


| 


home tesk studies 


a really fine one 


LADIES’ 
PROGRAM tropical splendor 


(home of Gainsborough'’s “Blue Boy,” etc.). 


shops), Hollywood Bowl, Lunch at “The” Farmers 
Olive Hill [Frank Lloyd Wright design) 


OF 
INTEREST 
TO ALL beautiful ladies. 


mittee 


° to be entertained and shown the workings of Planned Lighting. 


MAKE PLANS NOW FOR THE 1950 


NATIONAL TECHNICAL CONFERENCE 
HOTEL HUNTINGTON — PASADENA — AUGUST 21-24 


IES HISTORY REPEATS ITSELF 


SAN FRANCISCO, 1939 PASADENA, 


The SECOND CONFERENCE EVER to be held on the west coast. For “once in a lifetime” 
mate « circle tour to Pasadena, returning vie San Francisco, Portland and Seattle at no 
increased rail fere. Even through Canada for only pennies more. Bring your family (motels 
are fine), combine « vacation with the |.E.S. National Technical Conference. 
plane information see your local travel agent. For free auto information write Auto Club 


TECHNICAL @ GENERAL TECHNICAL SESSIONS—Three packed sessions includ- 
ing papers on lighting offices, schools, churches, department stores, 
PROGRAM and in agriculture. Also many studies of the fundamental tasks of 


LIGHT SOURCES—interesting papers on fluorescent, tungsten file- 
STREET LIGHTING—Discussion papers on lighting hazardous ereas, 
tunnels, discomfort glare and other vitally new studies 


RESIDENCE LIGHTING—Fluorescent lighting, new fixtures and 


AVIATION LIGHTING—Airport approach and aircraft lighting; 


TRIP TO STONE CANYON—Luncheon served electronically midst 


TOUR OF PASADENA—Fabulous Bullock's in Pasedens, famous 
homes, Pasadena Playhouse, Huntington Library and Art Gallery 


INTERESTING POINTS IN LOS ANGELES—Olvere St. (Mexican 


Meret, Tee at 


FIESTA NIGHT—Join in this fun in the spirit of Old Californie 


PRESIDENT S NIGHT—Traditional banquet and ball, famous names, 


PROGRESS REPORT—The latest in lamps and lighting from coast 
to coast shown in the traditional showmanship style of this com- 


LIGHTING SERVICE FORUM—Mondey evening, August 2!. A new and novel idee by 
Chairman John Walsh, Pacific Gas & Electric Co. and his committee. Come prepared 


1950 


For train or 


IMPORTANT—-.,- any information about conference write |.E.S 


licity Committee, Room 63!, 60! West Sth St. Los Angeles 13, Calif 


West—e real educational trip 


Local Pub 
We will be 


gled to supply your boss with sound business reasons why he should approve your 
expense account. Tate home new ideas on lighting buildings, department stores 
super markets, super service stations, and many other jobs in the manner of the 


Hotel Huntington Pool 


San Francisco's Golden Gate 
- ie 
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bd Pasadena Playhouse | 
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Air View Hotel Huntington 
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easy removal of ony 


3. Non -static, alumi- 
keep their | 


ng or painting. Easy 
handle . . . easy to 


ELECTRIC 


Seems incredible, but it's true . . . the 
above twe photos were taken in the 
same store .. . before and after the 
installation of a Sylvania “Flexi- 
Module” ceiling lighting system. 


Amazing transformations like this 
are being brought about in scores of 
shops, stores, and offices by Sylvania 
“Flexi-Module.” This ceiling consists 
of 32-inch aluminum square module 
grids, joined together and suspended 
from the original ceiling by adjust- 
able hanger straps. 


Between the grids and the original 
ceiling, Sylvania Fluorescent Lamps 
pour down their clean, glareless light 
on all working and sales areas. 


Economical to install, easy to main- 
tain, beautiful to behold, this modern 
“Flexi-Module” ceiling offers your 
customers an efficient, flexible, low- 
cost lighting system with a brilliant 
record for improving dull business. 


Mail the coupon for complete de- 
tails TODAY! 


Sylvania Electric Products Inc. 
Advertising Dept. L-2906 


1740 Broadway, New York 19, N. Y. 


send me illustrated literature describing 


“Flexi-Module” Ceiling. 


installation of modern “Fle xi-Medule’ Lighting System > 
EASY TO INSTALL a: 
Fixtures are first mounted on original P ~ 
ceiling. Can be wired for individual con- 
trol. 
2. Adjustable ha 
teners secure adjoining 
arid sections, but per- q 
ly done from below . . . 
without any tools. 
} i 
| 
FLUORESCENT LAMPS 
TELEVISION 
PICTURE TUBES. ELEC- 
PROOUCTS. 
ars 
be- 


